>

TRANS=221

o

e

Fd

MORSKTYE OBRASTANIYA I DREVOTOCHTSY

A
-

e
s/ *

(Marine Foullng and Borers)

Py e
[P A .
02

AD619257 "

7

TRUDY INCTITUTA CKEANCLOGII

Vol. LXX, 279 p.

&

MOSCOW 1 503

Tranclator: ™. 3Slessers
7.0 35042

U. S, NAVAL OCRANOGRAPHIC OFFICE
WASHINGTON, D. C.

o pDC
1 ML=1965 e

o =

O N
MICROFicHE $. 2.cC

1::99?Y ¥ _._.;- !EE!!




Best
Available

Copy



TRANS-2<1

Marine Fouling and Borers

Edivor

I. V. Staro=tin

Translator: M. Slessers

Translated: March=June 1964

The translator acknowledges the helpful suggestions of Mr. K. W. Kaye,
who read the manuscript.

Library

U. S. NAVAL OCEANOGRAPHIC OFFICF
WASHINGTON, D. C.

1964-1965




TRANS-221 1/3

G. B, Zevina, I. A. Kuznetsove 1d I. V. Starostin

THE STATUS OF MARINE FOULING IN THE CASPIAN SEA

Abstract

The macrofouling of the Caspian Sea is represented by 48
animal and 28 alga forms. In 1961 the ieading forms of
foullng included Balanus improvisus, Mytilaster lineatus,
Dreissena polyrorpha, Cordylophora caspia, Perigonimus
megas, Corophium curvispinum, C. robustum, Electra crus-
tulenta, Balanus eburneus, Mercierella enigmatica, and
Bowerbankia imbricata. The majority of the above mention-
ed species penetrated into the Caspian Sea within the last
five to six years, The appearance of new species has
brought about a considerable increase in the density of
fouling. In some regions the fouling was ten tires heav-
ier than before the penstration o~ new species.

At the present ilme, the greater portion of Caspian foulers are, by
their origin, Mediterranean organisms that have recently moved in*>
the Caspian Sea.

The leading forms of Casplan foulers in 1961 were the following species
(1isted in the arder of their importance in fouling): DPalanus impro-

visus, Mytilaster lineatus, Dreissena polymorpha, Cordvlophora caspla,
Perigonimus meggs, Corophium curvisplpum, C. robustum, Electr L

lenta, palapus eburpeus, Merclerella enigmatica, and Bowerbankla im-
_____ebricat B, lmprovisus, E. crustulenta, B eburneus, and M, enlgmatloca
have entered the Caspian Ses during the last six years; it 1s possible

hat P, megas and M, lineatus have appeared in the Caspian Sea about
40 years ago. Also B, imbricata is considered to be a Mediterranean
form (Mordukhay-Boltovskoy, 196Ca). Thus, the leading autonomous forms
of Caspian foulers are ouly Dreissena, Cordylophora, Corophium curvi-

spinum, and ¢, robustum.

The Med’terranean emigrants make up a considerable part of the second-
ary forms. Such foulers as Rhithrpagopeus harrisi] tridentatus,

Nereis diversicolor, Syndesmya ovata, Leander adsperus, and L, squilla
are ver, frequently found during recent years.

[
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Since the new immigrants have settlud in the Caspian .ea, the blomass
of warine foulers has cousiderably increased (Zevina and Starostin,
1961; Zevina, 1962b).

Some of the new settlers have made a long trip, arrivin, not only from
the Dlank aunld Lzov Seas 2ficr the ~peninz of the Volga-Don Canal lead-
ing into the Caspian Sea, but also prior to it, since R, harrisii tri-
dentatus and Balanus eburneus had reached the Mediterranean basin fro-
the American coast. Mercierella has also propagated all over the
world during the last decades.

The greater portion of marine foulers can erdure unfavorable factors
of the medium and propagate over large areas. With the development of
shipping, the transplantation from -ne sea to =another, even from one
part of the world to the other, has been very :requently observed.
(The following species of marine foulers have ‘raveled great distances
to new settlements: Elminius modestus from Australia to the west coast
of Europe and the mollusk Rapana bezoar from the Sea of Japan to the
Black Sea. etc.). Therefore, on the basis of ‘he main forms of marine
foulers, t.ey may, at the present time, be roughly divided into cold
water, temperate latitude, and tropical forms, singling out in each
group saline and braciish water forms.

Even the foulers of the Caspian Sea, which was isolated for a long
time from the ocean, became, after the opening of the Volge-Don Canal,
almost identical to the fcilers of other seas or areas of seas lying
in temperate zones and being considerably diluted.

As to the species .:mposition, the Casplan foulers differ from that of
the Sea of Azov only by the absence of the mollusk Stilige:r bellulus
end mytilids. The biomass of fouling is irn both seas almost identi-
cal. True, in the area of the Sea of Azov, which i1s adjacent to Ker-
chenskly proliv, the dirfere:n:ac .-e greates. Thus, for instance, here
are found mytilids and seversa’l otker organisms.

The difference between the Caspian and Black Sea foulers are markedly
greater. The species composition of Czaepian foulers is by far poorer;
also their biomass is smaller. The blomass of Caspian foulers is espe-
cially reduced by the absence of mytilids and tunicates. V. D. Brayko
(1960) points out that 19 species of bryozoans inhabit the Hl=ck Sea,
whereas at the present time we know only three species of bryosoans in
the Caspian Sea, not including the fresh water forms. Approximately

A
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the same relationship exists with respect
to other groupe < fouling organisms in
the Caspian and Black Seas.

In the Caspian Sea the samples of fouling
organisms wers collected from 1951 to
1y0l in various parts of the ses ©rcz the
water'!s edge to a depth of 12 m. These
samples were taken from buoys (fig. 1),
wharves and stockades, bottoms of ship
hulls, the inner parts of water pipes
containing sea water, and from c¢liffs and
boulders.

The algae were gladly identified by A.

D. Zinova and N. I. Karayeva, bryosoans
by M. G. Gostilovelm and G, G. Abrikosova,
chironomids by N. Yu. Sokolova, gammarids
and corophiids by N. N, Romanova, mollusks
by Ya. I. Starobogatov and N. N. Akramov-
skiy, hydroids by D. V. Naumov, and
sponges were identified by N. V. Koltun.

DESCRIPTION OF THE DISTRIBUTION AND
ECQLOGY OF ORGANIMS FOUND IN THE
FOULING OF THE CASPIAN SFA

Fig. 1. A fouled buoy, Principal Forms
which had been 7 months
e e et eho”  Balanus improvisus Darvin (fig. 2) was
tographed by G.B. Zevina. first observed in the Caspian Sea in

1955 in the areas of ost-ova Kulaly
(Sayenkova, 1956) and the town of Isberg (Derzhavin, 1956). In the
summer of 1956, the species was found all over the =ea, except for
several northwestern areas lying far off the poi.s (Zevina, 1957a).
In 1960-61 B, improvisus vas observed in all of the areas of the Cas-
plan Sea, axcept for the most diluted sector. Such a rapid propagation
of the species 21l over tha sea is not unusual for cirripedian crusta-
ceans. For inatance, another crustacean, Elminjus modepntus settled in
1947 on the bottom of ships in the harbors of Great Britain having
arrived from the shores of Australia.
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In 10 years E, modestus already inhabited the coasts of Great Britain,
France, the Netherlands, Belgium, Germany, Portugal, and Spain (Bishop,
1947, 1954; Stubbings, 1950; Hartog, 1953, 1956; Bishop and Crisp,
1957, atc.).

There is no doubt that B, impro-
visus en*ered the Casplan Sea by
riding on the bottoms of ships
passing through the Volga-Don
Ganal, The clivipedien coruste-
cedns can close hermetically the
covers of their shells, thus be-
coming isolated from the external
medium. According to experiments
conducted by E. P. Turpayeva and
R. G. Simkina (1961), most indi-
viduals of this species perish in
fresh water during the first 10
days, but certain individuals may
exist in fresh water longer than
1.5 months. Consequently, the
travel through the Volga-Don
Canal was not difficult for thew.

B, improvisus 1s a euryhali.s or-

ganism. It is common in the es-
tuaries of rivere, is found in
leks Paleostomi (Kudelin, 1913)
and lives alszo in certain areas
ol {ivesh, where the salinity of
vator tluctustes from 30 to 609,
{Ta-csov, 1927).

Beginning with 1956, the barnacle Fig. 2. Baslanus improvisus on
wag ‘o1 ~r the hottoms of all mytilaceans. Photograpn by
the Caspian vessels, The shells Lafoki.

of barnacles form a dense coating

that 1s difficult to remove; the weight of the coating reaches 5-7
kg/m<. The interstices between the shells of barnacles are settled by
other organisms (mollusks, crabs, gammarids), which would be wiped off
the huil withou. the protective covering of barmacles. Therefors the
barnacles not only produce a large mass themselves, but they increase
it by creating ~onditions for the existence of other foulers. Owing
to the tight = swsuc of barnacles, they cannot be washed off even at
great speeds -~ . 3sels.
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On buoys the barnacles form adhesions consisting of as many as seven
or eight layers on top of one another. Along the west coast of the
northern sector of the Caspian Sea, the blomass of the barnacles on
buoys reached alwost 40 kg/m? during 7 to 8 months in 1958, but in
1960, when a considerable decline in the development of B, improvisus
began, the biomass was only 22.5 kg/m?. In the central and southern
sectors of the Casplan Sea, the buoys, that had been in the water for
17 to 20 months in 1960, were covered by a mass of barnacles weighing
21 kg/m?  According to a report by L. A. Zenkevich (1935%, in
Novorossiysk the viomass < 2, ‘=;-ovi-us raachad 12 kg/m¢ ia four
months; V. N. Nikitin (1947) points out that the biomass of this spe-
cies had reached 18-28 kg/m? on plates in four to five months.

Consequently, in the Caspian Sea, the biomass of B, lprovisus is not
amaller, but possibly even greater than in the Black Sea. As is typi-
cal of the entire fouling phenomenon (Zevina,1962b), the biomass of
barnacles ia 1958-1960 reached & minimm valus clong the northeastern
coast of the Caspier “ea.

If in 1956 (Zevina, 1957a) the shells of B, improvisus hnd a conical /6
form and thick walls and were strongly reminiscent of the shells of B.
eburneus, in 1958-1961 the shells of most were remiriscent of 1lililes

or sticks.

The barnacles svidently do not propagate all year round in the Caspian
Sea, because even in the warm Krasnovedskiy saliv the plates were not
fouled by bernacles in the winter. In the Sea of Asov, B, improvisus
propagates all year round (Vorob!yev, 1949). Accordirg to data by

M. A. Dolgopol'skaya (1959), this barnacle ocan, in eonsiderable quan-
tily, settle on hydrotechnical structures rising it a distance of 12
tc 15 miles from the coast, fouling them from the surface to a depth
of 70830 m and possibly deeper. The same was observed by us on buoys
in the Casplan Sea that had been placed at a considerable distance
from the coast, though in shallow water.

At the present time, B, improvisus is undoubtedly the main fouler in
the Casplan Sea, being especially harmful because of rapid development.

ilaster lineatus Pall. was first observed in the Cmspian 5ea by
V. V. Bogachev (1928s, b) in 1928 in the area of Apsheronskiy polu-
ostrov. It is thought that the species was introduced from the Hlack
Sea by the hulls of ships transported by railway from the Hack Sea

O
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into the Caspian Sea. By 1932 the mytilaceans ranged along the south,
east, and west coasts of the Caspian Sea, reaching the southern por-
tions of the northern sector of the sea (Brotskaya and Netsengevich,
1941).

Prior to the appearance of barnacles, the mytilsceans were the main
foulers in the Caspian Sea. After the appearance of B, improvisus the
of M, lineatus decreased, notably in the early stages of development,
al*hough 1t caunot be s3aid that the number of the mytilaceans has de-
creased. In the northern sector of the Caspian Sea the number of the
species depenis on salinity, varying considerably from year to year
(Zevina, 1958).

In 1953, when the salinity in the northern zec.lon of the Caspian Ses
was moderate, the mean mass of M, lineatus on buoys was 16. g/m<; in
1958, as the salinity decreased greatly, the biomass became 2 g/m?;
after the salini‘y increased again, the quantity increased to 3938 g/m?,
(see fig. 3}, in 1962.

After the appearance of barnacles, the quantity of mytilaceans has in-
creased on wharves and plates in the Izberg area of the central secicr
of the Jasplian Sea, but on the west coast of the southern sector of
the sea, the quantity of mytilaceans decreased considerably in 1952
for reasons unkno.n to us; the amount increased somewhet in 1960, but
did not reach the level of 1952 (Zevina, 1962b).

Barnacles usu.lly dorinate in fouling that is in existence f{or less
‘han a year, but later the mytilaceans take the upper hand. Barnacles
grow at a very rapid rate, in ‘wo months they reach maturity, while
oytileceans are at the time still undeveloped, being no* more than

3-4 mm long. They conceal themsalves in interstices bet.een the shells
of barnacles, whers they find protsction froxz intense wave motion and
benthos-eating fishes. At that time *hey 2~ rot bother the barnacles.
But in ors ‘0 ‘w0 ymars, when M, linea‘us becomes mature under the pro-
tection of barnacles, they begin ‘o elizinate barnacles. It 1s possi-
btle ‘hat this occ'rs for the reason that myt!laceans begin t: filter

an increasing anount of water as they grow up. Acscording to data by

R, ¥. Xudinova-Fas*ermak (1951}, M, lines‘us of wvarious sizes filter
from 2.29 to I.41 JZ/per hour. Assume it is 0,35 £/per hour and mul-
tiply 1t by the nean number of xytilaceans inhebiting 1 =<, which is
about 223,722, The result is tha® 1 =< 5F solid matter fouled by =y*-
1laceans filters ITS,COC.I of “ater per hour, or 2,252,200 £ per day.
K. A, Voskresenskiy (1942) demona‘ra‘ted tha® “he .mter filtered by
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mytilids and mytilaceans loses the detritus suspended in it because
part of the detritus passes thr~ugh the intestines, while all the
other particles, pessing through the pallium, form agglutinations. It
is natural that the animals, which live side by side with the filter-
feeding bivalve wollusks, receive filtered water. DBarnacles create
only an insigniticant flow of water with their legs and can in no way
compete with mollusks. Therefore, no matter what specles participate
in fouling, the bivalve mollusks begin to dominate in the end.
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Fg. 2. The mean biomass of mytilsreans
{1 and dreissenians (2) ir the northern
sector of ‘.ie Taspilan Sea, and the mean
vearly saiinity (3) in the surface layer
ir ostrova Tyuleniy area in 1353, 1948
and 1960,

{ey. Abscissai blomass, g/m°
>onetizes the succession is irregular, for instance in the surf sone

along the coast, where ‘he m».’liusks canno?! live and therefore the bar-
nacles predominate (Ra‘a, 1359},
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Dreissena prlymorpha (Pall) is the main foulsr in the rnorthern Caspian
sector, 1.s. ‘n the part of the sea which is not imhabited by mytila-
ceans. Dreiscena distincta inhabits the central and southern Cesplan
gestors; according to data by N. N, Romanova (1960), this fouler is
the zecond signifiocant species in the aquatic fauna. 'e never observed
D, distinects in coastal foullng, probebly, for the reason that 1t

live, &' greater depths than the ones investigated by us (o 12 m). D.
poiymorpha 1s found in fouling of the northern Caspian sector along

its wes! coast to the Sulak River; along the east coast it is found as
far es Bauiino, becsuse along the west coast the salinity is lower due
to the discharge of Volga water.

The dreissenisn biomass in the northern Casplan sector 1s characterized
by u wide rangs of fluctuation in various years, depending on salini-
ty and being inversely proportional to the biomass of mytilaceans (fig.

3).

In the northern Casplan sector the dreissenians cover stones, cliffs,
hydrotechnical structures, as well as the hulls of vessels (D'yakonov,
1925, 1927). There are numerous indications that this mollusk inhab-
its fresh water basins,

/2t

/=

(n the buoys, that stay in the northern Caspian sector for a period of
sevn to sight wonths, the blomass of drelssenians is sometimes very
gruat, reaching 13 kg/mz' however, the average i1s 300-700 g/m .

Cordylophors casp:a (Pall) (fig. 4) is found all over the Casplan Sea
on buocys and hydrotechnical structures, The only exceptlons are

places where the degree of pollution is high, as for instance i1n Bakin-~
sily 2aliv and on the wharves of Krasnovodsk. Because the vessels are
often anchored in polluted locations, the C. caspla is seldom found on
the hulls of vessels. We found the species only on vessels that navi-
gated in clean waters, for Instance on the motor boat "252% of the
southern Caspian or on the vessel "™Medvezhonok", when 1t was navigating
between Astrakhan! reyd and stantsiya Makhach—Kala (Vtoraya portovaya).

The hydranths of cordylophores were found in northern (Caspian sector
in December, but in the southern Caspian sector they were found also
in January and even in the beginning of February. Gonophores are nct
found in winter. Ccrdylophora did not settle on panels submerged in




Fig. 4. Cordylophora caspla in
fouling taken from the buoys of
the northern Caspian sector,

Photograph by G. B. Zevins.

9,8

Krasnovodskiy zaliv in winter;
only ir April did it appear in
great numbers. In Hamburg one
can find only empty tubes of
cordylophores in winter (Hent-
schel, 1916). According to
Kinne (1956a, t), the reduction

of hydrsnths in C, casplas ocours
at temperaturss below 2-4°.

The rate of fouling by C, caspis

is rather rapid. Thus, on

15 July 1954, in Isberg the bio-
mass of cordylophores on a panel
that had been submerged in water
for 35 daye was 22 g/m?, on

6 January 1955, on a pole that
had been in water for four
months, the mass equalled 705
g/m?, but on buoys that had
been lying on water for eight
months in the north Caspian sec-
tor, the biomass of hydroids
reached 3 kg/m? (it 1s possible
that also Pg;% megas was
together with C .

During the growth season the
biomass of cordylophores reaches
a maximum value, A greater bio-
mase was not observed on wvharves
and buoys that had beer in water
for several years.

If one examines the disztribution
of cordylophores by depths to

12 m, 1t 1is sesn that their colunles begin below the sone of algae and
are distributed almost miformly to the bottom., The uniformity of this
distribution is interrupted only at places where Mytilaster lineatus
forms attachments in which the mumber of hydrcids is considerably
smaller. The hydroids cover not only objests lying in the water mass
but also ttose lying on the bottom; thus, for instance, the conorete
plates susrving as anghors for buoys were covered by cordylorhores
(mollusks wers slmost completeliy absemt).

| e
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Cordylophores are euryhaline animals hich can take the salinity
fluctuations tiat are usual for the Caspian Sea, and they can be found
in almost pure water to the salinity of 14°/co. On the basis of tests
conducted by Roch (1924) it is seen that the optimm salinity for cor-
dylophores ranges from 1 to 59/,,, but the species can exist at salin-
ities ranging from 0.3 to 109/ .. Kinne (1956a, b) points out that the
selinity limits for cordylophores inhabiting the Kiel Canal 1s 1 to
10°/5o. In the Caspian Sea the species lives in waters having higher
salinities, for instance in Krasnovodskly zaliv where the salinity 1s
14°/ 0. In the northern Caspian sector, where the salinity is lower,
cordylophores are found in a considerably greater quantity than in the
central and southem Caspian sectors,

In aome places, where cordylophores had once been found, they do not
exist any longer, as for instance in Kiel Bay and Bakinskiy zaliv. It
1s associated with the fact that cordylophores are very sensitive to
chemical contents and the oxygen found in the water (Roch, 1924), and
that they cannot live in polluted water or in water with a small amount

of oxygen.

Traveling with ships, the cordylophores have penetrated not only the
rivers of the Caspian basin but also the rivers of the Baltic and
Atlantic besins (Mordukha,-Boltrvskaym, 1957). The species has also
been found in the Dnepr water besin, but only in places where the
mineralization of water is increased (Zhuravel!, 1959). At the present
time, they are found in seas surrounding North and South Ameriecs,
Australia, New Zealand, and China, msinly in areas adjacent to large
sea ports where they are brought in by ships (Zenkevich, 1947).

Perigonimus megas Kinne was first identified in the Kiel Canal and
described by Kinne (1956b). Kinne states that P, megas was found to-
gether with cordylophores and because externally they are somewhat
similar, P, megas had not been identified before; therefore many au-
thors have described the species as L. caspia.

In 1959, P, megas was found by I. V. Starocetin, E. P. Turpaysvs and
R. G. Simkina in sea water near Zhdanov (Sea of Azov), where it formed
large accumilations.

In the fall of 1961 we found the species on the hulls of vessels
SCHS-202 and SCI5-225, which were engaged in fishing and navigated
from Krasnovodsk to Sal!yanskily reyd and Gasan-Kuli. The species was
also found on orabs obtained in the Lenkoran' area in ths summer of
1961 by N. Pavlove. An examination of the old collectione from the
Caspian Sea demonstrated that in 1958-1961 the species inhabited buoys
tezether with oordylophores. P. megas was not identified before, It
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is, however, possible that it was found in the Caspian Sea before,
because the greater portion of our collections were not obtained in
the winter when this spascies does not have hydranths and it is diffi-
cult to tell the species from Cordylophora.

According to data by Kinne (19%6b), which ars supported by observa-
tions of Turpayeva and Simkina, as well as by our observations, P.
mozas differs from C, caspia by the following main characteristics:

1) in P, megas the feelers form a e¢ircle, but in C, caspia they are
scattered all over the body of the hydranth; 2) P, megas has a hydru-

theca, which is absent in C, caspia; 3) the female gonophores of P.
megas have only one egg, while those of C, caspia have 1 to 14 eggs.

The capitula of polyps of P, me become degraded at temperatures be-
low 9-12° {(Kinne, 1956a, b), i.e. this species is more thermophilic

than C, caspia, which loses hydranths if the temperatuxre is below 2-49,
Indeed, in October -~ December we found C, caspia with hydranths on
buoys in the Caspian Sea when the temperature was about 5-/°, while

P, megas was found only in the form of empty stolons.

The salinity at which the species was observed in the Kiel Canal /10
ranged from 1 to 10°/00; in the Sea of Asov it was observed at salin-
ities ranging from 3 to 5°/c0, but in the Caspian Sea it was found in
waters with salinities as high as 14°/,,.

Because in the Sea of Asov P, megas is one of the main species parti-
cipating in the fouling of the water supply system, it can be assumed
that the specles is found in the water conduits of the Caspian Sea.

The biomass of P, megas on vessels navigating in the Caspian Sea was
relatively small — up to 220 g/m<.

Lorophiids (fig. 5). Corophiup robugtug O. G. Sars, G, gurvispigum

C. G. Sars, C, pobile 7. G. Sars, C, mopodop O. G. Sars, and C, guoro-
patum O, Sars were found in the fouling of the Caspian Sea. The first
two of the species are widely distributed and they often form a large
biomass. The other species were relatively seldom observed, mainly
along the east coeast of the Caspilan Sea.

A large quantity of oorophiids was found on a buoy in ostrov Chechen
area of the northern Caspian sector (284,000 ind. per m?) on

|t
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9 December 1953; the buoy had been in the water eight months. The
greatest biomass of corophiids on the buoy was 500 g/m<, the weight
with she.ls being 3340 g/m2. On some buoys the shells of corophiids

Fig. 5. A layer of shells of corophiids teken from
a buoy in the northern Caspian section. Photograph
by G. B. Zevini.

formed a danse layer 1 cm thick, as in the case of buoy No. 66 that
had been in the water of the northern Caspian section for eight months
when it was taken out by the end of November 1953,

Ir the Izberg area of the central Caspian section, greater amounts of /11
corophiids were found - as many as 125,000 ind/m< and 420 g/m2. To

the south, in the Apsheronskiy poluostrov area, rather large quantities

of corophiids were found on buoys along Shakhova kosa, where their

quantity reached 21,000 ind/m?, the biomass being 44.5 g/m?. Small
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quantities of corophiids were found on buoys along ostrov Zhilogo".
Still farther to the south only small quantities of corophiids were
observed. On the east coast the number of corophiids was great.
Thus, on & buoy in the entrance to zaliv Aleksandr--Bay, the quantity
of the crustaceans reached 202,000 ind/m?. the ccrresponding biorass
being 272 g/m?2. A multitude of corophiids was also round on buoys in
Krasnovodskiy zaliv (Krasnovodskaya bukhta).

It 1s noteworthy that in some cases the quantity of corophiids on cer-
tain buoys was exceptionally great, while on othe: buoys lying nearby
the quantity was either very small or nil. Also Caspers {1952} ob-
served in Helgoland that the amount of fouling varied considerably cr
buoys lying near one another, He attempted to explain it by ascuming
the existence cf hypothetical larvae of foulers in water, which find

a buoy or a spot on it and miss the other buoy or spots on them. Of
course, the lsrvae are not uniformly distributed in the water, which
affects the infestation of buoys or other objects.

It is, however, possible that a great influence is exercized by the
saturation of water with oxygen to the lack of which the corophiids
are very sensitive (Romanova, 1956b). Also the suspended organic
matter and petroleum products found in polluted waters affect coro-
phifds. They are rever “ound in waters that are heavily pollutad, as
for instance in Bakinskiy zaliv (Bakinskaya bukhta). Corophiids were
not found on the aumerous wharves along the coast of Kresnovodskily
zaliv, where the water was heavily polluted; the same was true of a
buoy anchored at a distance of 0.6 km from the coast, while on a buoy
anchored at 1.6 km from the coast and other buoys in the arsa, the
number of corophiids was great.

It 33 probable that for this reason, i.e. because corophiide do not
endure pollution, they were not found in fouling on vessels because
they are usually moored in more or less polluted waters. Only on
motor boats and on felucea "Shtil", that were anchored in the strait
leading to zaliv Kara-Bogaz-Gol, where the current was rapid, bringing
fresh well aerated water, did corophiids (C, curvispinum and C, yobus-
tum) constitute the main muss of fouling. Their numbers on the motor
boat reached 6870 ind/m?, the corresponding biomass being 19 g/m2.

A. L. Bening (1924) found domes of C, curvispinum in the fouling on
ships in the Volge River.

As 1s seen from the foregoing, the biomass and Quantity of ocorophiids
in the Caspian fouling arc very great. According to data by Ya. A,
Birshteyn (1953), the numbers of each species of corophiids did not

tNot listed in the NIS Gazetteer,
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axceed 1000-1300 ind/m? in the benthos of the northern Caspian sector,
while in the fouling they constituted 284,000 ind/m?, as we saw it
earlier, N. N. Romanova (1956b) notes that (, robustum makes up 1000~
2000 ind/m? of the fouling, while in the samples taken by bottom grabs
its quantity does not exceea 20 ind/m<.

The quantity of corophilds varies greatly from year to year. Thus, the
aversge biomass of corophiids in the fouling of tle northern Caspian
sector made up 119 g/m? in 1953, 156 g/m? in 1958, and 40 g/m?2 in 1960.
Romanova (1956a) thinks t.at one of the causes for the fluctuation in
the amount of orustaceans in the northern Caspian sector is the dis-
turbance of the gas regime, the other cause being consumption by fishas,
It is possible that the small quantity of corophiids in the fouling of
the northern Caspian sector in 1960 is due to consumption by crabs,
which appear here in large quantities.

Populaticns of corophiids reminiscent of those observed in the fouling
of the Caspian Sea were observed by F. D. Mordukhay-Boltovskoy (1948)
on clay and solid objects in the Dnepr delta. Their numbers reached
2000 ind/m<,

Jassa pulchella (Caspers, 1552) plays a great role on buoys anchored
along Helgoland; its quantity (to 300,000 ind/m?) corresponds to the
quantity of corophiids in the Caspian Sea. The J. pulchella settle-
ments reach a thickness of 1-2 cm, and they are found everywhere on
buoys, except for the thin surface layer. In the Caspian Sea, coro-
phiids are also found at the sea surface in places where algae grow;
however, their numbers are small., In the lower zone of algae their
numbers are very great; at greater depths, the corophiids cover objects
more or less uniformly to the bottom,

Thus, the fouling of corophiids is not of great significance for
vessels. However, they are quite frequent on hydrotechnical structures
in clean waters. I. the latter case, these crustaceans, when found in
large quantities, are used as food by fishes. We observed more than
once that fishes were feeding at buoys and wharves covered by the domes
of corophiids.

In the Casplan Sea, Elsctra crustulenta (Pallas) was first observed in
November - December 1958 in Krasrnovodskly zallv and in Bautino area
(Zevina, 1959)., E, crustulen.. !s widely dictributed in bra~kish wvater
basins along the sea coast of Europe and North Africa, in the Haltic

/12
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Mg. 6. Locations where E,

crustulenta was found in the

winter of 1960/1961 on buoys

&nd hvirotechnical struc-
tures.

] — found; 2 — not found

15/12

and Hlack Seas. G. 3. Abrikosov
(1959b) ti.nks that this species was
pointed out by V. P. Borob'yev (1949)
for the Sea of Azov under the name of
Pbmb___mia.}r ra sp. E, crustulenta can
endure 2-3°/o00 of salinity. In the
southern Caspian sector it lives at
salinities as high as 14°/oo.

In 1958 this bryozoan was found only
in two localities, in 1960-1961 it

was found in 1.3 locations (fig. 6).
All the inhabited localities were lo-
cated in areas of large ports or where
navigation was developed. Along the
west coast, E, crustulenta was ob-
served in the port of Makhach-Kala,

in Bakinskdy galiv (Bakinskaya bukhta)
area and in Sel'yanskiy reyd, but
along the east coast the species was
observed only in Krasnovodskiy saliv
and on buoys in the Bautino area. In
1960-1961 E, crugtulente was very fre-
quently found in fouling on vessels.
This makes its distri™tion under-
standable, This speciss can obvious-
ly irevel only by vessels, It 1s
possible that the larvae of this bryo-
goan cannot be iransferred far dus to
its short 1ife span in plankton.

Borg (1931) describes several forms
of the species. We found in the
Caspian Sea a form that was closely

reminiscent of baltica Borg, but also another, possibly a new form is
found, which has two small spines in froat.

In some cases E, ¢rustulents grew densely over barnacles and mytila-
ceans, covering at times the protective valves of barnacles. If a
colony was developed in a limited space, folds and festcons were

formed.

The biomass of E, ¢rustulepta was as a rule small, about 20-30 g/m?,
but in individual cases the quantity of 900 g/m2 wms reached {on a buoy

in the Kiel Canal),
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Sometimes the settlements of
the bryozoans occupied 40—
509/, of the surface of hulls
of vessels., Most frequent-
ly the diameter of the
settlements was short, rang-
ing frem 3 to 5 cm; but some
of the settlements had a di-
amster 30-4C cm long. On
the bottoms of vessels, the
biomass of the bryozoans
reached 500 g/m? (on RR-516).

Usually the places occupled
by E, crustulenta were rela- /
tively free of other foulers, 754

If *he bryvzoan occupied the e L

hull's surface before other .y .

foulers, only a few organ- e ]

isms had a chance to settle 2

there. It is possible that 443 l'

dense bryozoan populations 4%@

cause the death of barnacles. ,4‘* D’

the bryozoans settled less l 9

frequently on places occu-

pied by mytilaceans. Fig. 7. Relationship in percentages
between the quantity of B, improvisus

Balanus eburneus Gould was and B. eburneus on buoys in Krasno-

for the first time noticed vodskiy zaliv,

in Krasnovodskiy zaliv ard

on ostrov Ogurchinskiy in 1l = 2, improisus, 2 - 3B, eburneus.

1956 (Zevina, 1957a,b,. Ac- The lengh nf column at the presence

cording to observations by of only one species equals 102°/-,

I. V. Starostin, this species

appeared in Xrasnovodskly Geographical names, clockwise, {irom

zaliv en masse only in the upper left hand corner: bukhta Saymo-

summer of 19¢¢., Later it rova - Krasnovodsk -~ poluostrov Ufra -

was found also >n the west Krasnovodskiy zaliv - Krasnovod-kaya

coast of the sea in the zaliv,

gulfs of ostrov Artema area,

which are protected from wave action and are more or less polluted
(Mordukhay-Boltovskoy, 196°b), This 1is not the first zlgration of B.
eburngus. The phenomenon was noted by A. "stroumov in 1392 in the
Hlack Sea. He thinks that this specles haz been brought by ships fro=
America. Ecologically, 3B, eburneus differs fro= B, Improvisus becau-e
the former avoids areas with rapid currents and therefore it is not s=o

| ——————— - — B . e ——— —————
-
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frequently found on the bottoms of vessels. B, eburneus was found in
large numbers only on vessels that had been staylng for a long time in
Krasnovodskily zallv, often together with B, improvigsus. The biomass
of B. eburneus on navigating vessels was above 1 kgsﬁz, but on anchor-
ed vessels and at wharves to 20-30 kg/mz.

Large individuals of the species up to 28 mm long and 25-28 mm high
were observed on a sunken barge in Krasnovodskiy zaliv,

According to Grave (1933), B, eburneus begins to reproduce at the age
of two months. The barna:les were not found on panels submerged in
Krasnovodskiy zaliv and exarined in April; in June their number was
rather great, and their length reached 9 mm. They seemed to be no
older than a month, because the B, eburneus that inhabits the Black
Sea reaches the length of 15 mm in two months, and we have no reason
to assume that the growth rate of the barnacles 1s decreased in *he
Casplan Sea: there were no symptoms of stunting. In the Beaufort
tN. C.3 area B, eburneus forms settlements from the middle of March to
December (McDougall, 1943); probably, in the Caspian Sea the settle-
ment of larvae of this species does not take place in the winter.

The absence of thils species in the northern Zaspian sector and the Sea
of Azov is noteworthy. Dilution can hardly prevent the progression of
the species to these areas because B, eburneus has been found not only
in the estuaries of rivers, but even about 50 miles upstream in the
rivers of Florida (Tarasov and Zevina, 1957). It is most likely that
the progression of the species northward is obstructed by low winter
temperatures,

In Krasnovodskiy zaliv, B, sburneus is found orly in che port area,
vhile B, improvicus inhabits open places of gulfs, which are not pol-
luted. The replacement of one species by the other can be well traced
by the tuoys placed at wvarious distance. {rom the town.

Mercierella enigmatica Fauvel was for the first *‘ime observed in the
Caspia. Sea bty Zevina (1961, 19¢2a) in November 1960. The tubes of
the species wera found among the fouling on the hulls of two vessels
[scow No. 12 and =teamer "Komsomolets™). Both of the vessels ware
navigating only in the Caspian Sea. The scow No. 12 was navigating
first in Krasnovodskiy saliv, later in Bakinskiy zaliv; whereas the
steamer "Komsomolets" navigated between Baku, Krasnovodsk, and Bektash.
A detailed investigation of marine fouling on buoys and vessels in
Bukinskiy saliv, as well as in the northern and southern portions of
the lasplan Sea, disciosed the absence of M, enigma‘ica. Evidently,
this species appeared at the teginning in Krasnovodskiy saliv. Trus,

TR
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in the winter of 1960-61 we did not find M. enigmatica on the buoys and
wharves in Krasnovodskiy zaliv, but we succeeded in finding it on a
small cutter navigating in the gulf.

A year of investigation of marine fouling on vessels and hydrotechni-
cal structures in Krasnovodskiy 2aliv made it clear in October 1961
that M, enigmatica had become a mass form in Krasnovodskiy port. The
species was found in compact settlements on wharves, pilers, and hulls
of ships that were moored at the plers of Krasnovodsk, lLarge accumu-
lations of the fouler were observed on piers of passenger veasels and
in their immediate area; however, the number of }. enigmatica was smeil
in the northern part of the port — at fishing wharves and piers for
small boats. On test panels the specles began to appear since June,

so that one may think that it began to propagute en masse in May.

In the fall of 1961, M, enigmatica was not yet found on buoys placed
in Kraspmovodskiy zaliv and irn rnearby a.eas — at banka Zhdsnova, banka
Livanova, zallv Kara-Bogaz-Gol, and on piers at Kianly. Neither was
the species found on the hulls of vessels docke 4n Jctober 1961 at
&ﬂnlgnd navigating in Bakinskiy zaliv or -tanding at 3al'ymnskiy
reyd £,

M. enigmatica is found along the shores of the Atlantic, Indian, and
Pacific Oceans, as well as in the Mediterrarean, Black and izov Seas,
During the las® years 1% has appeared along the eas* coas: of Australia
(Allen, 19%3). However, the distribution of the species is not uni-
form. In the opinion of a number of authors, M., enigwa’ica has propa-
gated over large areas only relatively recently by traveling on *he
bottoms of vessels,

M, enizmatica is usually ascociated with low salini‘y areas of seas,
such av bays, river estuaries, canals wi*h brackish wvater, and brackish
lskes. According ‘o da*a by Turpayeva (19-1%, ‘he =pecies 1s capable
of 1iving and reproducing in salinities rangin; from ©-"27,, *o almost
oceanic valuec, lonzejuently, this specles can l1ive in *he cen‘ral

and southern lasplan regions, ac well as in the sou‘hern part of ‘he
northern Caspian region. The travel of M, eniyrmatica +ia *he Volga-
Jon Canal was possible because, asccording to investige*ions conduc’ed
by K. .. Arbugova (19°7], M, enigzmatica can endure fre:zh wa'er as _ong
as twc to three months.
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This fouler settles on the bottoms of vessels, cn hydrotechnical
structures, as well as within water conduits in the swa. According
to data by Nikitin (1947), the number of the foulers settled on test
panels in Poti area reached 175,000 per 1 m?, One can assume that
the species, together with barnacles, mollusks, and hydroids will
dominate in marine fouling of the Caspian Ses.

Bowerbaniia imbricata (Adams) caspia Abrikosov and Victorella pavida
S. Kent are ucually found together (Abrikosov, 1959a). However, the
former prevails in marine foul ‘ng. Therefore the bryozoan biomass
l1isted below pertains mainly to this species.

Bryozoans appear to be the main foulers in Bakinskly zaliv and on
vessels navigating or staying in the gulf fo: .onger time periods.
They were also found at ostrov Artema, ostrov Zhiloy (o. Zhilogo), in
Krasnovodskiy zaliv, and in several other places, provided they were
heavily polluted.

In Bakinskily zai'v, all the pisrs below the waters edge are completely
covered by a browa spongy layer of bryozoens. The bryosoans are ab-
sent only in areas where industrisl waste waters are found.

The *es! panelr submerged for five months at mys Bailov were covered
by a layer of bryozoans weighing 150 to 600 g/m<.

In the hulls of shipe, the smellest amount of bryozoans was found on
the bow, a greater emount in the mid-section, a4 the greatest amount
cn the =tern., The bryoszcan biomass also increased toward the >ottom.
Jn ships that had not been docked for several years the bryozoar bilo-
mass reached ..3 kg/m<. Hewever, a uniform fouling by these bryosoans
1: not a great obrtacle agains*t the motion of the ship, because .i does
not create frictlon, put, on the contrary, may make the surface fouled
by barnacles and moliiusks smoother.

Sacondary Forms

Protoscang. Very frequently prolosoans {c!liatel infusorians of
eritricha’ were found in BSakinskiy =aliv, on plers at Izberg, and in
¥rasncvodskly zaliv, Large quantities of them were on the hulis ¢
versels standing !n Bakinskiy zaliv., According to S, N. Prodatov, in
area: where the ewage wa'er 5 the city wes drained in*o Bakinskiy
zaliv large number: of infusorians (Vortlicella microstoms, Oarchesium
lahmann! and Joothsxnium sp.. were found. On the panels sutmerged in
Kracnovod<kly ralilv near the watarworks of the cea canal of the petro-
lexz piant, the protozoan colonles were the 7irst ones of animls to
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appear in winter. They were not found in November and December on
panels that had been sutmerged for one month; in January and Febrary
small amounts of them were observed, but in March a continuous white
fluffy cover having a biomass of 13-16 g/m? was found. In April,
macrofoulers sattled on the panels and therefore it was difficult to
determine the quantity of protoroans.

Sponges are found in fouling on stones, cliffs, and mollusks at depths
exceeding 12 m; therefore they weraz not found by us. However, a multi-
tu.. of sponges was tound along the entire east coust; they had been
cast ashoire by storms and were identified by V. N. Koltun as Metschni-
kowia tuberculate var, tuberculata Grinm and M. tuberculata var. inter-
media Grimm,

Roundworms were found in almost all >f the samples »f fouling taken
from vessels and from stationary ohjects ip various areas of the Cacpian
S=a at all tne depths that were zxamined. The weight of their fouling
was insignificant.

Oligochaetes of the family inchetreidae were f~und in small quantities
in fouling on the cliffs »f mys Melovoy and in foulirg on stationa:y
objects in Bakinskiy zsliv,

Nereis diversicolor Comb., was introduced into the faspiarn Sea in 1939-
190 and 1s rn:w found in f>ouling on stationary objects almost everywhere,
except for polluted and low salinity ereas. The number of N, diversi-
¢olor on buoys reached 1527 ind/m;, the maximum length of specimens
being 88 mm. G. M. Belyayev (1942) notes that the bismaes of N, diver-
sicolor reached 872 g/m< 14 lagoons and bays »f ostrova Tyulen'i; how-
ever, we did not -bserve sucn a great biomass. These worms 1ive in
sa.ini*ies exceediag /-°°/5, and can well endure an oxygen deficit
(Birshteyn and Spasckiy, 1952: Karpevich and  sedchikh, 1973): a con-
sideratle number of Sishes uses the worm as frod (Birshteyn, 1973:
3okolova, 1943,

Febricia sabells (fhrenterg. was found en masse in fouling samples taken

rom stones end wooden plers along the east coas®t of the Casplan Sea -
narely, in Krasno-dskly zaliv, Bek*ash, sand in the strait leading to
zaliv Kera-Bogaz-Gol., D3Secause of a small size, the significance of the
worms in fouling is smail. Probator found F. sabella 1in the fouling
of Bakinskiy zeliv.

Crustaceans. in adaition to corophiids and cirripedlans, which are
moat significant in fouwling, we have often found crabs, gammarids,
shrimps, and harpacticids. The latter forms were observed in variois
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areas of the Caspian Sea, even in hearily polluted waters but, due to
small sizes, their significance in marine fouling is limited.

Gammarids. The following gammarids were idertifiea in marine fculings:
Carinogemmarus caspius, Dike. osammarus haemobalphes (Eichwald), D.
aralensis Ulj., D. caspius Pall. Dikerogammarus sp., Pontogammarus
abbreviatus G. O, Sars, P, robustoides G. O, Sars, P, crassus G. O.
Sars, P, obesus G, O, Sars, P, subnudus G. J. Sars, Pandorites platy-
chiler G. O, Sars, Amathillina affinis G. O, Sars, A, cristatsa O. Sars,
and Gmelina costata O. Sars, The most common were D, haemobaphes and
P. robustoides,

It was not poss ™le to count accurately the number of gammarids in
marine fouling bucause they left thelr setllements as scon as t“3 test
panels, bucys or veassels were taken out of t.e water; however, some-
times the number that remainsed on the objects reached several hundreds
per 1 m<, It can be assumed thaut they accumulate by the thousands in
fouling, due to which the fouling composed of gammarids attracts
fishes.

The gammarids were never found in heavily polluted water. Neither S.
N. Probatov nor we found them in Bakinskiy zaliv. Neither the foul-
inge of navigating vessels contained these crustaceans; probably,
these lively animals are washed off when the vessel is on the move.

Leander adspersus Rathke and L. squilla (L.) were found in large quan-
tities in algal foulings, especlally near the coast; but owing to their
mobility, it was difficult to catch them. Never wers they found in
polluted waters.

Rhithropanopeus harrissii subsp. tridentatus (Maitliand) (fig. 8) ep-
peared for the first time in the northern Casplan sector in 1958
(Nebol'sina, 1959). 1In the winter of 1958/59 1t was found in the /17
fouling on buoys in the northern Caspian sec.or and in the western

part of the central Caspian sector (Zevina, 1959). When investigating
the marine fouling in the winter of 1960/61 we found the crab on al-
ncst all of the buoys in the northern Caspian sector, in the areas of
Apsheronskiy poluostrov, and south to Lenkorani (fig. 9). At the time,
the specles was nol yet inhabiting srasnovodskiy zaliv, where it ap-
peared en masse only by the beginning of 1961 (on the basis of oral
report Ly the personnel of Turkmenian Fisheries Laboratory). In
Jctober 1961 we found the crab in Krasnovodskiy zaliv in large quan-
tities. Even on the hulls of ships standing at Krasnovodsk the number
5 the crabs was great: 600 to 1200 individuals were observed per 1 m?
on the bottom of SCHS~225.
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The distribution of the mobile crabs, whose larvae float in the water
for a long time, differed substantially from the distribution of bryo-
zoans whose larvae are characterized by brief planktonic development.
In two years the bryozoans were

observed in areas of large ports

and active marine communication.

Crabs progressed during the same i
time by sticking tc the hulls of ”%‘P,
ships, spreading their settlements -

from each new spot in a relative- AT ) Ao
ly short time by traveling along 9
the sea bo*tom, while their lar-

vae were distributsed by currents. ’alg
Therefore, the crabs have occu- I
pled greater areas than the bryo- e
zoans in regions that are seldom £ y
visited by ships. -

Rh., harrisii broadens its inhab-

ited area again ard again., Ya. Fig. 8. Rhithropanopeus harrigii
A. Birshteyn (1952) reports that tridentatus from Lenkorani area.
in 1951 the crab was found by Photograph by V. Nartsisov,

V. V. Murina in the Baltic Sea.

A. K. Makarov assumed that the crab by sticking to the hulls of ships
rrived at port Nikolayev from where the animal penetrated Bugskly

liman and Dneprovskiy liman. F. D. Mordukhay-Boltovskoy (1952) observ-
ed the crab in the lower reaches of the Don River. In the water pipes

of Azovstal! (Azov-Steel; in the Sea of Az>v) the crabs are found en

rasse, polluting their filters and clogging the cooling system.

The appearance of the crab in the Caspian Sea will undoubtedly affect
the rumber of crustaceans for which Rh. harrisii can be considered as
a competitor, It 1s possible that the quantity of gammarids, coro-
phiids, oligochaetes, and polychaetes will decrease, which will affect
adversely the feeding of fishes.

Caldis flies. According to F. F. D'ymkonov (1925), the larvae of cad-
dis flies are usually observed in the fouling on ships in the lower
reaches of the Volga., The larvae of Hydropgsyche ornatula build their
tdves not only on the surface of objects but they also gnaw niches,
where they live and cover themselves with 1ids made of wood pasted to-
gether with glues they produce. According to calculations by the au-
thor, the number of niches on the bottom of barges averages 2.5-~3 thou-
sands per m<.
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We found the tubes of lorvae of caddis flies in the fouling of the
"Kirovets" navigating in the Astrakhan' area.

Tendipedes.

A great quantity of larvae was found on the barge "Sevan"

navigating in the lower reaches of the Volga and the northern Caspian
sector and on the steamer "Khariton Laptev", which had navigated about

one and one-half months in the Volga.

Pupae of Endochironomus gr.

tendens F. and Cricotopus gr. gilvegtris F., as well as larvae of (Cri~
cotopus gr. algarum Kieff. C. gr. latitendatus Tshernovskiy were ob-

served on these ships.

\\\\\\\\\\\\\\\\‘\

Fig. 9. Findings of Rhi-
thropanopeus harrisii tri-
dentatus in the winter of
1960/61 on buoys and hydro-
technical structures in the
Caspian Sea.

1l — *he crab was found;
2 — the crab was not found.

Single specimens of larvae of Smittia
sp. were found in the central Caspian
sector on the cliffs of the east and
west coasts of mys Melovoy and on iron
plers at Izberg.

Bivalve mollusks. OCardiids (mainly
Cardium egules and Syndesmya ovata,
vhich had traveled from the Caspian
and Azov Seas together with nereids,
were often found in foulings. Cardi-
ids and syndesmyans are found among
the accumulations of mytilaceans and
dreissenians, which hcld the former by
byssal cords. The quantity of cardi-
ide in fouling that were several years
0ld reached 2000 ind/m?, the corre-
sponding weight being 151 g/u?, Usu-
ally small specimens, sbout 1-2 mm
long, were found in foulings; however,
sometimes also specimens as long as

11 mm were observed. These foulers
were observed at depths from 2 m and
below, 1.e. in layers where mytilaceans
and dreissenians predominated. Espe-
clally great numbers of cardiids were
on the upper sides of rings mounted on
the tubes of buoys because, evidently,
in these places it was easier for them
to stick.

Gagtropod mollusks. b
Clessin are found only along the bottom

— on boulders and lower sections of
piers., The species was observed in




TRANS-221 24/18

Izberg and ostrov Artema areas. At Sumgalt, the species was found in
the water supply pipes. In osirov Artema ares the number of the mol-
lusks reached 25,900 ind/m? on boulders. Theodoxus pellasi Lindholm
was found only on boulders lying on the bottom of the sea, on lower
sections of plers and on panels in the following locations: Izberg,
nys Sagyndyk, ostrova Svinoy, Artem, "Kamen' Ignat'yeva", The number
of specimens reached 8300 per m-<.

In the fouling of the pit of sea waterworks at Sumgait one individual
of (Clessioniola variablis Eichw. and one of Micromelania sp. were
found.

Ova of Fish., A multitude of ovae — probably of sea robins — was
found firmly fixed to a board of a tide guage at ostrov Ogurchinskiy.

Algae. Diatom algae were identified by N. N. Karayeva (1961). Alto-
gether 121 forms were found on the west coast of the lasplan Sea; 49
species were found for the first time in the Caspian Sea.

Diatom algae were found almost in every sample taken from a shallow

depth, for instance to 3 m, sometimes deeper making up at *imes a
considerable biomass — as many as seseral hundreds of grams per 1 m<,
Considerable quantities of diatomrs were observed in the fouling on

ships. An especially great amount of the algae was found on a mechan- /19
1cally propelled crane, on the cutters "Liza Chaykina® and "Ul'yans

Gromova", on the barge "Sevan", the vescel "Khariton Laptev" and on

the planks of boats standing at ostrov Zhiloy., These algae were main-

ly distributed over well lighted portions of vessels.

Considerable quantities of 3iatoms were also found on buoys. The bio-
mass of diat~ms on buoy No. 50 wa- 760 g/m? at a depth of 1 m on

27 November 1953, but on buoy No, 73 the biomass was 169C g/m< at a
depth of 10 m on 7 December 1953: the fouling of diatoms was 1-1.5 mm
thick.

Usually, at a certain depth, the blomass of Jdiatoms is somewhat greater
than on the surface. Thus, for instance, on December 9, 1953, the bio-
mASS of _diatoms on buoy No. 74 was 60 g/m< at & depth of 79-30 cm, and
545 g/m< at a depth of 1 m. Often the tubes of corophiids were so
densely covered by diatoms that they appeared to he green.
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The increase in the mass of diatoms 1s rapil. Thus, on panels placed
near Izberg the following variations in the magnitudes of diatom algae
were observed: during 19 days (from 20 May to 8 June ,195,) the bio-
mass increased to 61.6 g/m?; during 35 Gays (from 10 June to 15 July)
the biomass increased to 200 g; during 45 days gfrom 10 June to 25
July) the amount reached 146 g; during 90 days (from 8 May to 8 July)
the amount reached 645 g.

Thus, it can be seen that the diatoms play a significant role in
marine fouling of the Caspian Sea, a. in the case of other seas, with
respect to blomass but mainly with regard to tke rate of development.

Blus-green algae were found less frequertly than the diatom algae and
they almost never formed large accumulations. Only on the c‘eamer
"Pioner", navigating in the southern Caspian sector, did we find

405 g/m? on the lower part of the midship section.

As a rule, the biomass of bl e-green algae was comparable to that
found on buoy No. 50 gt the depth of 2.5 m — namely: 1., g/m? — and
on 7iers at Izberg on 22 June 1955 at the depth of 2.5 m — namely:

3 g/m?,

According to unpublished data by S. N, Probatov, the following repre-
sentatives of the family Oscillatoriacea were found in Bakinskiy zaliv:
Spiruliza major Kutz, Sp, subtilissima Kuts, Sp. tenmerrima Kutz, Sp.
labyrinthioformis Menegh, Ogcillatoris tenuis Ag., Osc, Amphibia Ag.,
Osc, putrida Schmid, Ogc, nigroviridis Thwait., Osc, margaritifera
Kutz, Osc, limosa Ag., Osc, gubuliformis Kute, Osc, brevis Kutz,
Lyngbla martens.ana Menegh., L, aestuarii Liebm. and L, semiplens Ag.

Generally, the blue-green algae found in the fouling of Bakinskiy
zaliv have relatively rapid rate of growth.

Grec; algae. Fourteen species of green algae were found in marine
fouling; some of them were identified for the first time in the Caspian
Sea,

Usually, the green algae grow below the level of diatoms. The depth
of the levels depends upon illumination., As a rule, the biomass of
green algae was greater than the biomass of the other algal groupa.
The mean biomass of green algae constituted several hundreds of granms
per 1 m<, but also a mass of several kg per 1 m2 was found., Thus, on
& buoy that was floating at banka Makarova (southern Caspian sector)
for about two years, the biomass of gresn algae was 3,50 g/m2 at the
depth of 15 cm, but on buoy "Pogorelaya plita™ (southern Casplar sec-
tor) that was in the water for seven montha, the biomass equalled
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2207 g/m2. The rate of development of the fouling was generally con-
siderable, reaching on the bottoms of ships 2-3 kg/m<. However, as a
r;;g, the biomess of green algase on ships fluctuated from 200 to 300
g/m?.

The green algse formed bands on the hulls of ships along, and slightly
below, the water line. The width of the band depended on the form of
vessel: 1f the plank was slanting, the band was not broad, usually
several cm; if the plank was vertical, the width of algal band reached
several meters.

LIST OF ALGAE

Acrochaete parasitica Oltm. was found once on Laurencis of the float-
ing lighthouse in Astrakhan' reyd on 28 November 1953.

Ectcchaete leptochaete (Huber) Wille wa2s observed twice — on Clado-
phora covering mys Mslovoy on 25 November 1953 and on ostrov Svinoy
on 10 July 1955, i.e. on the east and west coasts of the central
Casplan sector in summer and late fall.

Ulothrix sp. was observed in Bekinskiy zaliv on 6 July 1953 >n buoys
along Shakhova kosa on 8 February 195, and on banka Kornilova-Pavlova K
on 24 January 1954, on ostrova Svinoy on 10 July 1954 and on Kamen'
Ignat!yeva on 14 July 1954, as well as on the large motor cutter "Kuz-
nechik®™ on 16 July 1953, operating mainly in Bakinskiy zaliv. Thus,
the species is found in winter and summer seasons in Apsheronskiy polu-
ostrov area and a little to the south of it, as well as in the heavily
polluted Bakinskly zaliv, which is indicative of its polysaprophytic
character.

Enteromorpha intestinalis (L) Link wag found on ostrov Svinoy on 10
July 1954, ir Lenkoran' on 12 July 1954, and along the east coast of
mys Melovoy and mys Sagynzyk (Sagyndyk?s on 25 November 1953, In
addition, the species was observed orn vessels, as for instance, on the
steamer "Tsuryupa™ on 4 July 1953, on the mechanically propelled crane
vessel No, 13 on 14 July 1954, and on a mechanically propelled crane on
6 July 1954. A study by S. Ya. Veysig, B. Ya. Al'per and Ya. L.
Shapiro (1934) explains the absence of E, in:egtinalis in Bakinskiy
zaliv by the effect of petroleum ~n the specles, because this algae is
not only found in polluted city waiars but it even prefers such waters,
Also, the studies by T. P. Shchapova (193%;,and M. S. Kireyeva and T.
F. Shchapova (1939a, b; 1957a, b) mention the obssrvation cf this spe-
cies in varicus parts of the Caspian Sea. According tc data by the
authors, E, intestinajls is luxuriously developed in polluted waters
of Krasnovodskly zaliv.

¥ynot 1isted in the NIS Gazetteer.
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Enteromorpha tubulosa Kutz. was found in Bakinskiy zaliv on 6 July
1953, and on cutters "Baykal" on 11 July 195/ and on "Semen Ostapenko™
on 17 November 1953, Both of the cutters were operating mainly in
Bakinskiy zaliv. The spocies was not found in clean waters.

Enteromorpha clathrata (Ro*h) I. Rg. was found in Lenkoran' on 12 July
195, on piers and vessels: on a self~propelled crane on 6 July 1954
and on BM-31 on 16 November 1953, where the biomass of the alga equaled
202 g/m?2 in the mid-seciion oi the vessel. This form is indicated by
Kireyeva and Shchapova (1957a) for the Caspian Sea (according to data
by Volkov and other authors).

Enteromorpha salina Kutz. was observed in Izberg on 8-9 October 1951,
13 November 1953, 6 January 1955, on ostrov Svinoy on 10 July 1954, on
ostrov Kamen' Ignat'yeva on 14 July 1954, on ostrov Peschanyy on

2., November 1954, on buoys at Shakhova kcsa on 8 February 1954 and at
banka Makarova on 23 January 1954, as well as on the following vessels:
on 8 July 1953 on a motor boat, on 4 July 1953 on the steamer *Tsuryu-
pa", and on 8 July 1953 on the cutter "Ul'ymna Gromova®. This species
is widely distributed over the central and southern Caspian sectors and
can be observed in various seasons.

Enteromorpha sp. was found in Bakinskiy zaliv on 6 July 1953.

Monostroma latissimum (Kutx) Wittr. was found by us for the first time
in the Caspian Sea in October 1961, Great quantities of the form were
observed in Krasnovodskiy saliv at the time, M, latissimus was also
found in zaliv Kara-Bogaz-Gol. It is evident that the species has only
recently settled in the Caspian Sea, because neither we had discovered
it before, nor any of the earlier investigators had indicated the ax-
istence of the species in the sea.

Rhizoclonium kochianum Kuts. was found in Bakinskiy saliv on 6 July /21
1953, in Izberg on 8-9 October 1951, on 10 July 1954 on ostrov Svinoy,

on 12 July 1954 in Lenkoran', on 6 July 1953 on motor boat 252,

Kireyeva rnd Shchapova (1957a, b) found the spscies on the east coast

of the Caspian Sesa and in Krasnovodskiy saliv. One may think that

this species tolerates pollution.

Ghastomorphs asrea (Dillw) Kuts. was found by us only once; namely, on
10 July 1954 on ostrov Svinoy. Also Kireyeva and Shchapova (195733
indicate the existence of this species (according o data by L. I.
Volkov and other au‘hors).

it
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Cladophora glomerata (L) Kutz. is found throughout the Caspian Sea,
often constituting a part of the algal fouling. The species was ob-
served in Izberg on 8-9 October 1951, 13 ‘ctober 1953, and 14 December
1953, on the floating lighthouse of Astrakhanskly reyd on 28 November
1953, on a buoy in zaliv Aleksandr-Bay >n <2 November 1953, on polu-
ostrov Peschanyy on 24 November 1953, on a buoy at Shakhova kosa on 8
february and 5 July 1954, on a buoy at bunka Makarova on 23 Jaruary
195,, and on the southeastern side of ostrov Zhiloy on 5 July 1954.

In additica, Cl. glomerata was observed on a self-propelled crane on

6 July 1954, which operated in the area of ostrov Zhiloy, cstro. Neft-
yanyye Kamni, etc., 1.e. in places where pollution is relatively
limited. S. I. Kolosova (1935) notes that in the Volga River C, glom-
erata is limited to well aerated waters. L. A. Belogolova (1946§
found the species among the foulers of vessels operating in the Haltic
Sea,

Cladophora sp. was found on buoys at ostrov Nargin on 22 January 1954,
at Shakhova kosa on 5 July 1354, on ostrov Svinoy on 10 July 1954, and
on Kamen' Ignsat'yeva on 14 July 1954, as well as on cutter "Irtysh"”
operating in the areas of ostrov Zhiloy and Neftyanyye kamni.

Cladophora fracta (Dillw.) Kutz. was observed on a self-propelled crane
on 6 July 1954.

Brown algae are seldor: found in marine fouling ZEd. note: in the
Caspian Sea/, and if they do occur, the quantity is insignificant.

Ectocarpus confervoides f. fluviatilis Kutz. was found on btuoy No. 73
on 27 November 1353, and on a buoy at banka Makarova on 23 January
1954,

Sctocarpus (?) was found on poluostrov Peschanyy on 24 November 1953,
on the hull of the motor boa*t "252" on 2 July 1953, and on the cutter
"Irtysh™ on 14 November 1953,

{ e

Compsonema (°
2 July 1953.

) was cbserved on the hull of cutter "J1'yana Gromova" on

Entonema oligosporum (Stromf, Kylin. was fourd on the floating light-
house in Astrakhanskiy reyd where this aiga had settled on lgurencia
and Ceramjum.

Aed algae were cften observed in marine fouling, but less frequently
and in smaller Juuntities than the green algase.
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Asterocytis ornata was cbserved at ostrov Svinoy on 10 July 1954 and
Kamen' Ignat'yeva on 14 July 1954, as weil as on a self-propelled
crane on 6 July 1954.

Acrocheetium thuretid (Born) Coll et Herv. was observed in Izberg on
26 June 1953 and on 6 January 1955, on ostrov Svinoy on 10 July 1954,
Kamen' Ignat'yeva on 14 July 1954, on buoys at banka Kornilova-Pavlova
on 2 January 1954, and or banka Makarova on 23 Tamuary 1954, end on
a self-propelled crane on 6 July 195,. Kireyeve and Shchapova (1957a)
indicate the existence of the species along the east coast of the seas,
and zallv Komsomolets and zaliv Kaydak.

Acrochaetium daviesii (Dillw.) Nag. was found at Izberg on 7 October
1951, on buoys in zaliv Aleksandr-Bay on 22 October 1953 and on bania
Kornilova-Pavlova on 24 January 1953, as well as on small cutters;
namely, on the rudder of the "Ul‘yana Gromova" on 8 July 1953, and on
the bottom of the "Irtysh" on 1/ November 1G53.

Ceramium diaphanum (Lightf.) Rcth. was found in large quantities at
Izberg on 1, December 1953 and on 6 January 1955, on the floating
lighthouse in Astrakhanskiy reyd and on almost all of the buoys in

the northern Caspian sector in the winter of 1953, along the east
coast during 22-25 November 1953, and in the following localities:

mys Melovoy and Sagyndyk, pocluostrov Peschanyy, and on a buoy in zaliv
Aleksandr-Bay. The species was also observed at poluostrov Svinoy.

M. S. tireyeva and T. F. Shchapova (1957a); who were working in the
Caspian Sea during 1934-1932 ard in 1941, did not fin¢ this specles.
Only in 1952 when A. K. Sayenkova (1956) collectad algae in the north-
ern Casplan sector, she found numerous (. diaph:nwum and Z. tenujasi-
mum (?). Thus, it can be assumed that this species appeared relative-
ly recen'ly in the Caspian Sea. At the present time it is one of the
nost widely distributed and abundant algae. C. digphgnum is not found
in polluted places; possibly, that is the rrason the species was not
encountered cn navigating vesssls,

This algae was found in especially large numbers in the winter. Ac-
cording to data by N. V. Morozove-Vodyanitskaya (1530), tuls species
{2 reproduced in Novorossiyskiy saliv by sexual wmasans from November to
May, but by ssexusl means from April to June; from July to “ctober the
species does not reproduce.

/22
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I. V. Starostin found the species in the area o. the Stae Regional
Electric Powe= Plant cf Northern Baku, where the algae jar the filter-
ing structure- of the water.orks, especially after strong stcrms,

Ceramjum sp. was found or a buoy in zaliv Aleksandr-Bay on 27 November
1953.

Polvsiphonia eicngata (Huds) .larv. we- ooserved cn wharves a. Izberg
on 8 October 1951, at sstrov Svinoy con 1T July 1954 and in zel'v Alek-
sandr-Bay. Kireyeva and Shchapova (193%a, b: 1957 a, b) found the
species in various areas of the lasplar _Cea.

Polysj honia varlegats (Ag., Zana I. was f.. 1d in zali Alsksandr-Bay
on 22 November 1953, and on ostr~v “winor~ on 7. July 1954.

Polysjiphonia sp. Fragme ts ~f the algae :r:- found on ostrov Svinoy
¢ 1u July 1954 end on Kamen' Ignat!yeva o.. 1. July 1954, on tre float-
ing lighthouse in Astrakhanskiy re:7 on 2% Ceptember 19%3 and cn a
self-prope.led crane on 6 Decermber 1954,

Laurencis pa-icu.ata (Ag.) Xu.’. was focund at Izberg on 26 June 197,
and on a buoy at ianka Kornilovs-Pavliova. Kireyeva and Shchapova
1939a,b; 1957a, b) had otserved the spccies in various aress oo the
Casplai Sea.

Laurencia sp. Fragmen's o. the species were found on ogtrvv .amen'
Igant'yeva on 14 July 195, and on the floating lighthouse iz istra-
kharskiy reyd.

Excep* for one species, all of the iisted algae were identified by

A. 2. Iinova by =xamining our collections obtaired prior %o 19%°; the
remcinine collections are still belng processed. According to linova,
12 specles of the collections are new for the asple: Jea: ‘crochase'e
paragitica, Ectochaete laptochele, Znteromorpha tubulcsa, Monostroma
latissim.r, E, salina, Zciocarpus confervoldes, Zctoca~pus ..' ompso-
nema /7', Entonema oljgosporum, Acrochae‘ius da-lesi! eramiuz dia-
ghanuz and Do ygiphonia vasiegata.

«han ‘he samples vbtained during 19°¢€-1961 have been pracessed, many
new specles brought into the Jasplan Sea by ship ho*oms, alier the

-

operiing o7 the ~Hlga-Don Canal, wiil undoubted’y be de‘ermined.
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P. V, Bogoroditskiy
MASS DEVELOPMENT OF THE POLYCHAETA MERCIERELLA ENIGMATICA
FAUVEL IN KRASNOVODSKIY ZALIV

Abstract

Mercierella enigmatica was brought to the Caspian Sea from
the Black Sea and the Sea of Azov on ships bottoms. In
December 1961 the bottoms of launches which had sailed in
the Krasnovodsk Bay for four months were heavily covered
with Merclerella, its biomass being up to 30 kg/m<.

In recent years the immigration of new species into the Cespian Sea
from the Azov and Elack Seas has been observed. Thus, for instance,
single specimens of Mercierella enigmatica were observed in 1961.

By the beginni‘ng of December 1961 large quanti-ies of the species were
observed on the nulls of little-used wooden cutters when they were
taken out of the water.

All the underwater parts of the cutters, which had been cleaned on 27
July 1961, were overgrown with a thick layer of tubes of M. enjgmatica
— propellers, wooden bushings, propeller shafts, rudders formed a
monolithic mass of marine fouling (Fig. 1 and 2).

The greates* length of individual tubes of M. enjgmstics reached 13.5
cn. The mean length of the tubes was 10,9 cm; consequently, the aver-

age monthly accretion equals 2.7 cm {ths cutters were in the water not
ionger than four months).

The samples scraped from an area of 100 om< made it possible to calcu-
late the mean row weight of merine fouling which equaled 29.75 kg/m<,

Consejuently, wih the *otal widerwater surfacs being 36 m2, each of the
1- ton cutters had accumulated 1230 kg of additional weight during the
four months, which was contri“uted by M, enigmatica. But it we take
Into consideration the fact that a dense layer of Balgnus improvisus,
3. sburneus, Mytilaster lineatus lies beneath the isyer formed by M.
enimatics, in w'ich live also numerocus crabs Epithr Q 4
cridentatus, =iurimps Neander .iuilla, L. gdspersus, the mean voight of
fouwling increases %0 ., kg /=<; thus, the corresponding increase of un-
needed wel. "t of the vessal reaches twc tons.
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The appearance of M, enigmatica in the Caspian Sea and !ts mass repro-
duction will possibly increase the high rate of fouling on vessels and
port structures in Xrasnevedskiy zaliv,because Lhese fouiers appear
also on other types of vessels (SChS, AME, etc.) with steel hulls,
though in a considerably smaller quantity, which 1s evidently assoei-
ated with the ut{lization of the vessels,

Fig. 1. The general view of marine fouling
on propeller blades (part of fouling has
been removed, barmacles are seer ).
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N. I. Karayeva

DATA ON THE FLORA OF DIATOM ALGAE IN MARINE FOITLING
ALONG THE EAST COAST OF THE CASPIAN SEA

(A Preliminary ieport)

Abatract

Benthic diatom flora on the eastern shores of the Caspian
Sea is rel.t‘vely poor: 126 species and their variations
were found. Almost all of them beiong to the class Pen-
natae. There were recorded six ecological groups accori-
ing to water salinity. It is ,uite possible that JCacconeis
scutellum var. adjuncta, Licmophcra gracillis, and L. has-
tats peretrated into the Caspian Sea during the last dec-
ade, after the opening of the Volga-Dun Cansl.

The flora of diatoxr fouling has been investigated in a sufficient
detai]l only along the west coast of the Caspian Sea (Grunow, 1878;
Karayeva, 19€1). Some information on the benthic diatoms {in a broad
sease) of the east coast of the sea 1s found in a study b, Grunow
(1372), who investigated marine fouling in Krasaovodsk and Baku. The
author lists 19 forms of diatom algae f.r the Krasnovodsk area, point-
ing cut the size of only a few of the algas. Preliminary data on
diatom fouling in the (Caspian Sea are fourd in studies devotad to the
investigstion of phytoplankten (Genkel'!', 190%; Kiselev, 1938, 1940)
and partly of benthos (Bening, 1937)}. This informatior is limited t-
the listings Of bottom aigas “ound in samples. In addition, *they per-
*aln to a degree to the dry noriheastern gulfs.

This study presents a preliminary investigation of systematic compo-
sition of distoms {~und in marine fouling a.ong the west coast of the
Casplan Sea, their ecclogicsel and biogeographical characteriszatior,
distribtution along tha coast, and with denth,

at the luatitute of Jcean-
kindly alliowved =8 tu use the
toms coliected along the sast zcas* 5f the laspian Sea during 1353-
1901, Besides, I utiliszed =y colliecticns oblained from Krasnovodskiy
zaliv in .ctober 1=i. The points vhere the matarial has been ob’ained
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The flora of brathic diatoms along the east coast of the (asplan Sea
is not rich: I identified only 126 species and their variations be-
longing to 26 genera. All of them belong Lo the class of Pennetee,
except for two varlations of Melosira mcniliformis belongirg to tue
clasg of Centricae. As 'o the amount of species and iadiviauci., the
reprecsntatives or suborder Araphinales (mainly genera Grammatophora
and Synedra) ard suborder Monoraphineae predorinate. Al of the dla-
toms are, as a ruale, colonial and sedeatary forms edhering to natural
objects (stones, cliffs, shells, algae) and artificial structures
(plers, buoys, panels), Alsc the representatives of family Navicula-
ceae of suborder Biraphineag sre numerous in marine fouling., These
are singular forms moving frecly among t'> foulers. Of the represen-
tatives o1 family Nivzschlaceae, Nitzschia sizmeformis var. soclails
is constantly found in fouling, while the greater part of represen-
tatives of this family, as well as those of the family Surirellacsae,
are bottom forms, but they arse often brought onto the fouling as «
rezult of roiling and ccutinue to vegetate there, wherefore they are
included in the gensral list of diatom fouling.

The snalysis cf diatoms made 1t possible to assign the collected
specles to five ecological groups differing on the basis of their re-
letion %o the saliuity of wate:r (Table 2).

The brackish water ard brackish weter-marine forms of diatoms pravail
in the Caspi- - Sea, both along the west (Karayeva, 1961) and along
the east coe

Only two typical merine forms cf micrcphytobenthos are fourd in the
Cusplan Sea — Grammatopkora ancd Licmophora. The brackish-fresh
waler and indifferent diatoms are represented by far smaller numbers
of forms in the Casplan Sea,

After the opening cf the Volga--Don Canal one could expect the trans-
plantation of several euryhaline forms from the Black and Azov Seas
into the Casplan Sea. In this way, evidently, the following diatoms
entered the Cagplan Sea: (occoneis scutellum var, sdjuncta, Licmo-
phora gracilis, L. hastata Mer. (the latter was found only along the
west coest). These species are not mentioned in the earlier litera-
ture on the Caspian Sea. Neither did I find them when processing the
materials on distoms of the western part o. the sea, which were col-
lected priosr to 1953 (Karayeva, 1961). A complete and final process-
ing of all the materlal that 1s at our disposal will permit the eluci-
dation of tne ways by which these forms immigrated into the Casplan
Sea, and the number of new Ilmmigrants.
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Table 1

The Distribution of Benthic Diatom Algae Along the East Coast
of the Casplan See and Their Ecological Characterization
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Table 1 (cont.)

Collection Points
[ H 1
o 4
o] >
§ a | |84 8gIE] el
by 3 h 1| g g M 00| &
8‘ ’s M 1 oi@m 0|0
@ Algae % by g IR E g4y
» RS
-] o © ﬁ U] iiglvlo g
o 0| @ S| M | @] g: gs
-~ > 5 £ o © ‘3 > :4 d E)
b o| > el > old|ylg gl glo
i JE FIRRE Pt ot e
EEEERELEBBRREIREIEE
' | 2 RRRnRNnnnnEnnnem
14 | S. tsbulata var.
obtu.saPnnt...q..' + M
S. tabulata var, fas-
ciculata (Kiitz.) Grun. + + +14 |+ + 141+ ue
S. tabulats var. in-
termedia Grun. . . . + +l+14+14+ 4+ ue
S. tabulata wvar. l
parva (Katz.) Grun. + ‘ + [ M-C
Cocconeis scutellum | |
Fbr. vsr. scutellum + + ‘+ i I »
C. scutelium var.
adjuncta Perag. . . . + + M
| C.distans Greg. . . I + !+ ‘ ! u
C. placentula var.
lineata {Ehr)) Cl. . . + n
C. placentula var. | l
suglypte (Eur) Cl. | |+ HiHl o+ + "
C. pediculus Ehr.
var. pediculus . . . + + + + |+ c-n
C. iculus f. ab- ' o
ruptuge%. Korotk. . + ¢
C. quarnerensis Grnn.l ] P ! ' | + l i + l M
Achnanthes delica-
tula (Kitz.) Grun.
var. delicatula . . . + |4+ + + ¢-a
A. brevipes Ag.
var. brevipes . . . . + |+ -+ -+ M-C
A. brevipes var. in- (
termedia (Kétz.) CI. l ’-}- +-‘ l+l+‘+| |+\+ + u-C
A. brevi var. '
parvula (Kutz.) Cl. . + |+ +' l + N-C
A.longipesAg...l | l ' ' l I | |+|+! {+ +| lu




TRANS-221

Table 1 (cont.)

45/32

Collection Points
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Table 1 (cont.)
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Schum. var. menis- i

culus . . . ... .. ‘ cn
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64 | N. tuscula (Ehr.) I
Grun. var. tuscula . + |+ +| x
65| N.salinarum Grun,
var. salinarum . . . + c
N. digitoradiata
68
Greg.) A. S. var.
] ( %i)gitoradiata + :':'_
67 | N. gastrum Ebr,
var. gestrum . . . .|+ n
88 | N. lanceolata (Ag.)
Kiitz var. lanceolata + + n
69 | N. ramosissima f. I |
caspia Grun. . . . . -f-|+ +i + 4+ i ¢
70 | N. humerosa Breb.
vas. humerosa . . . + + M-C
71 } N. latissima Greg.
var. latissima ., . . + + + M
72 N. creucburgensis
Krasske . . .. .. + + ¢
73 | N. intricata Kar. I l l I l l+l + ! c
74| N. pennata var
pontica Mer. . . . . + + c
75| N. pygmaea Kitz. I +l ' ' +|+ + | ¢
76 | N. forcipata Grev.
var. forcipata . . . + ]
77| Caloneis formosa
var. holmiensis Cl. + + c
78| C. ampbhishaena
{Bory) Cl. var. am-
phisbaena . . . . . . + ¢
79 C  smphisbaena
var. subsalina (Donk )
... + + | <
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80 | C. schumaniana
(Zakr )var. biconstric-
ta {. lamelia Zabelina + ]
81 Gyrosi attenua-
tumy(l(ﬁgzn.)). Rabh. . + +| + -+ X
82| G. spencerii (W.
Sm.) Cl. var. spencerii | + + €
83 | Pleurosigma deli-
catulum Sm. . . + M-C
84| P. sngulatum '
(Queck.) W. Sm. var.
angulatum . . . . . + +1i+ N-¢
85 | Tropidoneis legi- '
doptera (Gerg.) Cl
var. lepidoptera . . +i+ M
86 | Amphora marina l
(W.Sm) V.H.. .. ! + v
o | AvobwtaGreg | | [ [ [ | L [e[ [+ L] [
88 A. ovalis Kitz.
var. ovalis . . . .. + u
89 | A ovalis var. pe- I '
diculus Katz . . . . +| + I n
90 { A. mexicana var.
major A. Cl. . . . . +l + “
91 | A. hc'utica Hust i
var. bolsatica . . . + + + +L ¢
92 | A. bolsstica var. te- i
nera Kar. . . . . . |t ‘ + c
93| A r,oﬂu—lormis Ay ‘ ' ‘
var. coffeaformis . . ! + + | M-C
% i A. lineolsta Ebr ' i ‘ i 1 t { l ( '+! + l , ‘ X
—95! A angusta (Greg) ' P ‘ ' ,i
(Cl var “angusta .| -l + n-
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96 | A staurophora
Dannf . . . .. .. + c
97 Epithemin  sorex
Kifz. var sorex . . + + + 1+ ‘ c-n
98 | Rbopalodia gibba
var ventricosa (Ehr.)
Grun. . . . . ... 'r++++'+++++ +i+ n
i
99 R musculus (Kiitz)
O Muli. ver muscu-
Jus . . .. .. ... + + +l +| + + M-C
| 1 !
100 R. musculus var I
succincta (Bréb.) Pe-
rag. ... .. ... +1i+ + |+ 41+ ¢
f
!
101 Hamzschia virzata
{Roper ) Grun. var
virgata . . . . . . . + ¢
i
102 Nitzschia triblionel-
la var. maxims Grun. + c-g
103 N. granulata Grun. l '
var. granulata . . . + L + ]
104 N. punctata (W.
Sm.)} Grun. var pun-
ctata . . . ... .. + + +| + + N
105 N. punctata var I
aralensis Borscow . . + | €
106 N punctata var. ! !
coarctata Grun. . . . ' | + ¢
107 N punctata var. | '
minutiseima Poretsky| |+ ¢
108 N. bungarica Grus. |
var. bhungarica . + ¢
100 N scuminals (W.
Sm ) Gran . . . . . + l + | c

. it A
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110 | N apiculata (Greg) l ‘ |
Crun . . . . . .. ? + | ‘ + ‘ + +1 + + ¢
1
11 N. circumsuta (Ba- ' '
il) Grun. . . . .. ! | + c
112 | N. bybrida Grun. i ‘ l l i-}- ' i l l ' c
113 N. lanceolata f.‘ | I )
' minima V. H. IR + i+!+ c
114 | N sigm (Kitz.) ’ |
|W. Sm. var sigma . + + |+! ‘ cn
1151 N. sigma var. ri- l
gidula Grun. . . . . ‘ + c-n
116 N. sigmaformis var.
socialis Kar, . . . . + c
171 N laevi Kar. . . + + 1+ +1+ c
118 N. obtusa W. Sm. ‘ !
var. obtusa . . . . . ! + ¢
149 | Surirella ovata i N
Kitz var. ovata . . i+ ] ]
t20 { S ovata var sub- f -
«lina (W Sm.) Hust +} + ¢
121 S striatula Turp. + + ¢
122 1 campylndiscus ¢ly- !
puois Ebr. var. cly-
peis oL ' + ¢
123 |  clypeus var bi. ! l
co~tatus (W. Sm ) . ‘ + ¢
- ! - — L
12 | C. aralensis | Kiss. ! + + c
|
125 | C. echeneis Ebr . + ! E f-! }+ + +4 c
126 | C. daemelianus i l ' !
Grun. . . . . . .. \| P +1 4+ ] c
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Table 2

Relationship Between the Numbers of Species of

Benthic Diatoms Belonging to Various Ecological

Groups Responsible for Marine Fouling Along the
Fagt Coast of the Caspian Sea

Number of Forms

Ecological Group Absol. v,

Marine, . . . . . . . « ¢« v .. 20 16
Brackish water-marine . . . . . . 27 21
Brackish water. . . . . . . . .. LB 39
Brackish-fresh water. . . . . . . 14 11
Indifferent {euryhaline). . . . . 17 13

A blogeographical analysis of benthic diatoms growing along the east
coast demonstrated that cosmopolitan forms dominate, constituting
atout 359/, of the total number of forms. The following forms are
most widely distributed: Synedra tabulata var. tabulata, Amphipleura
rut lans, Navicula pygmea, etc. These are followed by boreal forms
which constitute about 25°/¢ of the t>tal number of diatoms. The
boreal forms include Grammatophora ocsanica var. oceania, Amphora hol-
satica var, holsatica, etc. The number of warm water diatoms found in
marine fouling is considerably smaller; these forms inhabit the south-
ern parts of boreal regions or subtrcpical regions. They make up
10°/, of the total number of distoms and are repressnted bty Mastogloia
angulata, Cocconels scutellum var. adjuncta, etc. Lastly, the Caspian
Sea 1s inhabited by forms living in any type of water basin and in ail
geographical zones, and are ubijuitious. They constitute 6°/  of all
the forms and are represented by Rholcosphenja curvata, Nitzschia sigms
var. sigma, etc. Rh, curvats is very widely distributed along the
east coast of the Jaspian Sea. The Arctic diatoms are represented in
ths fouling along the east coast only by one species — Navicula
spicula. We cannot yet surely assign a considerable number of diatoms
constituting the marine feuling to one or the other group, because
their geograohical dist ibution 1as not been sufficiently investigated.

Some of the speciles found in the Casplan Sea seldom are observed in
other water ba.ins and their distribution is limited. Among them we
hawe Joccensls scutellum var. adjuncta, Navicula creuzburcensis, N.
ramosissina . cespla, Amphora staurcphora, Rhopalodia musculus var.
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succincta. The Diploneis gorjanovicii, which inhabits the eastern
coastal belt of the sea was up to the present time lmown only s a
fossil species.

The diatom algae are found as foulers in the Casplan Sea from the
intertidal zone to a depth of 10-15 m. However, their main msas is
limited *o *he intertidal zone and below it to a depth of 56 m. The
‘nvestigation of ver:ical distribution of diatoms in marine fouling
along the eas* coast of the Caspian Sea made it possible to clarify
the vertical zoning and distribution ¢f foulers in connection with
various living conditions in ea:h of the zones.

The first zone includes *the sur{ zone, extending to a depth of 0.5-1
m. This zcone is characterized by & constant mechanical action of
waves, by abrup: fluctuations of temperature, by abundance of light
and by periodic drying. The diatoms of this zone are represented by
single and colonial forms, which are firmly attached to objects wit
the aild of mucus. Altogether 4. <pecies and variations of diatoms
were observed in this zone. Thsir systematic composition i3 very
specific. Sirngle forms be‘org to *he family Achnanthacese, while ‘he
colonial, as well as the single, forms belong to the family Navicu-
laceae. The forms whose colonles sppear as slimy tubwues dozina‘e,

as for instance, Amphipleura rutilans, Navicula ramosissima f. caspis,
etc.; among single forms, the following species dominate: Jocconeis
placentula var. gglxpva, Mas‘ogloia pumila, M. smithii var. lacustris.

-~

living cornditions are jul-e differe
mechanical izpact 2f water is smallier, the amoun*

In the second zone, exte:iing froz a depth of
. L oY

o]
‘*

oo

and the fluctuatlons of ‘emperature are e
attached colonial forms. The character of colonies in this zone dif
fers sharply from tha*t of "he firs* zone. nsin and bush-shaped col-
onles predominate in the second zone. Al'oge her, °I species and
varlations of dlatox alzse have been observed in this :zone, the prev-
alent species being urszrma‘ophors ccesnlca wvar. dceenica, ar. maring
var., sarica,variations o7 Synedra tatulats, a3 well as Zholcosphenis
A larye »izber of motile iintoms are found amon, the
Naviclls greyssres, 'a"‘uiiﬁns W. 2ryprocephatls and
HApioreia Jd13yra, Jaxpr.diiscus aralens! e'c., “he nmber > 3gcomg
s 1 23, Erer ta .il&:e:tsus bilie—reen al, ee,
wnich in the Harents and Zi« k Jaus are coverel *ninly ry ila“ozs, sre
lar in v s Ces,

Q"

or, comterminge e llatoms of the west 203" tel! - nuTe
*ha* ‘he sele~*!ve abilicy Wi )

c.ear.x» proncunced in the lCaspisn

y8°iona of thelr dlscr-idicion el
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factors for the species composition of dia-oms in marine fouling are
salinity, Jdepth, and temperature.

A comparison between the species composi'ior of diatoms 1n marine
foullng along the east and wes* coasts (Karayeva, 1961) demorstrated
a considerable similarity, &5f 126 diatoms found along the east coast,
11" were common with the forms of the west coast, i.e. aimost 93°/o.
Repres-. .atives of three genera nct represented along the west coast
(2rebissonia, Stauronsis and Hantzschia were chserved along the esast
coas*. Many of *the genera inhabiting the estuary a.ee of the Volga
were not found along the east coag*.  This .s understandable because
in *hi:z part of the sea the salinity {2-12°/,,, differs cansiderably
from the saliniiy of water along the east coast (13-14%/00!.

The complex of dominan* specles of diatoms in marine fouling -long

both of the cousts is -imilar. However, some of the specles, which
appea: 'o Zomina‘e alor,; the west coast!, were either not found along
*he em=" ccas’ oo occurred only singly (Nitzschia €111formis, Cocconels
sed?~ulu 7. abruptus, Mploneis smithii var., smithil’'. But Synedra
*abui.aa var, acuirirata, Jocconels juarnerensis, Navicula intricatas,
were Tound sL.gly alcng the wes® coast and in consideratle juantities
along tho eas*t coast.
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K. S. Arbuzova
MARTNE FOULING IN THE SOUTHFASTERN PALT OF THE BALTIC SEA

(Preliminary heport)

—

-

Abstract

4

Samples of fouling on buoys and spar buoye pleced in the
Soviet waters of the southeastern part of the Baltic Cea
(from Kronschtadt to Baltiysk) were collected during 1960~
1961. 44 buoys and 6 spar buoys were tested, most of which
stayed in the sea during seven to eight months, including
all the warm seasons. During this period we can observe
the development of fouling from its first phase, (the
phase of settlement on a free surface) to the phase, when
its development 1s stopped by the cold winter temperature
of water and 1s thern destroyed vy man. These foulings do
not reach the final phase of their developmnent. The slow
growth of mytilus in the Baltic Sea and a short periocd of
its life (less *han a yea:) is the reason for the above
mentioned process,

The results of the resesrch showed that the fouling in this
part of the Baltic Sea was insignificant. The average bio-
mass of fouling obeerved by us was 2.4 kg/m?. This part of
the Baltic can be divided into nine regions, which are
classified by blomass and composition of fouling.

. -

The study of marine fouling in the Baltic Sea (east of the Sound) has
not yet been carried cut (Tarasov, 1953, 1961). Only recently Poland
published a comprehensive investigaticn by Blerna~ka (1961) in mariue
fouling in Gdynia-Orlovo. Fouling in the area lying west of the Sound
&9 has been investigated. For instance, Hentschel (1916) observed the

£ seasonal character of marine fouling of Cordylophora caspia on experi-
mer:tal panels submerged in the Harbor sof Hamburg, but Caspers (1952)
published a detsiled study i: marine fouling on buoys at Helgolander
Bucht. In the Soviet waters of the Beltic Sea, the marine fouling has
nct yet been investigated. Meanwhile, the investigation of the phe-
romenon in the area 1s of great intersst, the more so because syste-
matic observations on the process and character of marine fouling are
conducted in other seas of the Soviet Union.

" g ol
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In connection with it, in 1900 aad at the beginning of 1961, I col-
lected data of marine fowling on 44 tuoys and 6 spar buoys, which
were placed in the Soviet waters in the scutheastern part of the
Baltic Sea Irom Kronshtadt to Baltiysk. The sampies were tsken by a
metal scraper from areas 0.01 m? in size, wnich were located, as a
rule, slong the water line of the buoys or spar buoys \0-20 cm) and
at the depths of 2.4 and 6 meters. From four objects we took only
qualitative samples, because the fouling on them was weakly developed.

The leboretory processing of the naterial was carried out by the usual
method applied to collections of Guantitative samples of benthos. The
identification ol plant and anime?l fouling was conducted by A. .
Zinova (algae), E. I. Androsova (bryozoans), D. V. Naumov (hydrcids),
and E, F. Gur'yanova {crustaceans) to whom I express my deep appreci-
ation.

It need be noted that the greater part of the buoys and spar buoys
were In the sea for the same lergth of time, which included the entlre
warm season of the year (from April-June 1960 to December 1960 and
January 1961, i.e. 7 to 8 months). During this time, the marine foul-
ing developed on them from its initial phase (the moment of occupation
of the free surface) *o the phase when the further development was
stopped by low winter temperatures of water, or by artificial destruc-
tion caused by man. Thus, according to data by I. I. Nikolayev (1957),
the appearance in the plankton of large quantities of larvae of specles
participating in the fouling occurs in June, i.e. after the laying of
tuoys in the sea. However, they are removed as a rule in the winter.

Thus, the brief period of existence of the fouling on buoys and spar

buoys in the given water basin, did not give the foulers a chance to

reach their final phase of development, which, for temperate latitudes, /42
is a continual zover of Mytilus (Scheer, 1945; Nikitin, 1947; Caspers,
1952; Rudyakova, 1958). However, the simultaneousness of laying and
removal of buoys makes possible the comparison between the processes

of formation of fouling in various areas of the Baltic Sea.

The following 10 species of plants (except for diatoms) and 10 species
of animals were obhserved on the buoys placed in the southeastern part
of the Baltic Sea:

1. Diatom Algae 1., Hydroids:

2. Gree: Algas: Cordylophora caspia (Pallas)
Ubelia loveni (Allm.)
Enteromorpha crinita (Roth) j. Ay.  Hydroidea sp. {(Perigonimus megas
Cladophora rupestris (L.) Kiite Kinne?)
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Cladophora glomerata (L.) Kutz, 2. Bryozoans:

3. Red Algae: Electra crustulenta v, baltica
Borg.
Ceramium cibricum N. Petersen
Ceramium rubrum (Huds) Agardh. 3. Mollusks:
Parphyra atropurpurea De Toni
Limnea stagnalis (L.)

4. Brown Algae- Mytilus edulis (L.)
Ectocarpus siliculosus (Dillw) 4. Crustaceans:
Kuck
Ectocarpus siliculosus f. vari- Balanus improvisus Darwin
ans Kuck
Ectocarpus confervoides (Roth) 5. Amphipods:
Le Jol.
Sphacelaria arctica Harvey Gammarus salinus Spoon

Caliopius crenatus Chevreux
6. Isopods:
Idothea balticr. (Pallas)

The main and mass forms are the following: diatoms and one species of
green algae (Cladophora rupestris), two species of animals; namely,
barnacles and mytilaceans. One more species can be assigned to the
group, namely, Cordylophora cagpia, which forms the principal base for
foulers on buoys in Frisches Haff (Vislinskiy zaliv) and ylelds the
groptact megntit- ~f biomess for the Baltic Sea, ramely, 15.150.0 /a2

(tu?.‘" :uv . l*,) .

It 1s generally known that the species composition of the fauna of
foulers is always poorer than that of the species composition of the
benthic fauna because entire grcups of animals, such as mollusks,
worms, some of the crustaceans, and others which 1ive in the bottom,
cannot participate in marire fculirng. This is also true of the Baltic
Sea; the following numbers confirz the statement: only 9-10 species
of animals were observed among the foulers, while the composition of
ihe benthos includes 36 species in the Piarnu laht (Yarvekyul'g, 1960)
and 41 species in the central part of the Baltic (Shurin, 19533. It
is also =9en from the data that the benthic fauna of the Baltic is rel-
atively poor, which may be the result of a low salinity of the sea and
a complex geological history (Zenkevich, 1947).

Therefore, if the fouling of the Baltic Sea is compared with that of
the Black, Caspian, White, and Barents Seas, or with that ¢f the far

| Hotned
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easterr seas, in which the salinity of water is higher and bottom

fauna is many times richer, the fouling fauna of the Baltic Sea 1s
naturally poorer. According to data by N. A. Rudyskova (1958), 63
species of animals are found in far eastern seas, 1% of which are the
basic mass forms. G, B. Zevina (see this compilation of papers) points
out 20 species of foulers ror buoys, of which 8 specles constitute the
main mass, For the Casplan Sea, Zevina points out 11 main specles of
LR participating in fouling, the mean biomass being 7-11 kg/m? in the
northern Caspian sector during seven months and 22.5 kg/m? in Krasno-
vodskily zaliv during seventeen months (Zevina, 1962). In the Black
Sea, the bilomass of foulers may reach 28.C kg/m? in one werm season
(Nikitin, 1947). The mean mass of fuulers for the Soviet waters of the
Baltic Sea 1s 2411 g/m2. This value of biomass is based on investi-
eations of one : .r only, 1960.

The temporary increase of salinity, which has been observed periodi-
cally during Lue last decsde in the Beltic Sea, 13 assoclated with in-
tense cyclonic activity over the North Atlantic Ocean and the north-
western sectur <f Europe, as well as with fluctuations in the inflwr
of waters with high salinity through the Sound; this phenomenon in-
volves mainly the deep zones of the sea - namely, the Bornholm and
Gdynia depressions, and the central and nortkern sections of the sea.
However, in the surface layer, especially in the southeastern part of
the sea, no noticeable variations in hydrological and hydrochemical
conditions have been observed (Soskin and Chernovskaym, 1961). One
may think also that the fauna of foulers has developed without sub-
stantial changes in species composition and Quantity during the re-
cent years (to 1961].

On the basis of the character of marine {ouling, the given region of
the Baltic Sea can be divided into several areas (see th,, scheme and
<able).

Area 1 - eastern part of the Gulf of Pinland (area of ostrov Kotlin),
This area is characterized by a low salinity, C.5 to 1°/00, and with
corresponding fre-i- and brackisn-water fauna ard flora. Buoy No. 5
was here (near Kronshtadt). Fouling on it was weak consisting mainly
of green (Cladophora rupestris) and diatom algae, occupying the belt
from -2 m. At the depth of 2-3 m one could observe scattered colonies
of hydrcids (Cordylophoras caspia). On a ballast ring, a single Limnea
stagnalls was found. The marine fouling consisting of random spots
covers only part of the surface of the buoy, although it wrs in the
water from May to November 1361. A similar fouling was described by
Caspurs (1954) for the area of the Elbe estuary, whers fresh water
forms prevail and the influence of the sea is weakly pronounced.
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Area II - Narva laht. The salinity in 1960 was 2.27°/00. TwO pucys
(No. 1 and 2) and =wo spar bucys (No. 3 and 4) were examined. Quali-
tative samples were taken; Guantitative samples were taken only { =
buoy No, 2. Here the fouling also was weakly pronounced; however, its
composition was somewhat dift'erent: in sddi.ion to the brackish water
fauna, one could observe marine fauna (Halanus improvisus, Obelia
loveni, etc.). The distribution of organisms over the surface of the
buoys and spar buoys was rather clearly pronounced. From the surface
of the water to a depth of 1 m, only algae were found (diatom and
green algae - Cladophora ruspestris)., At a depth of 2-3 m, scattered
filaments of hydroids were found (Cordylophora caspis and Cbelia
loveni, the latter o-ly on buoy No. 2). Among the h;droids and a
little below them (tn a depth of 4 m), sca*tered shells of small barn-
acles were found (about 100-150 specimens over the entire surface of
the buoy). The mean blomass of fouling on buoy No. 2 was 134.5 g/m°.

Areas III and IV constitute a natural continuation of Area II. They
include the followine oulfar Knlga Teht Tgllinna Laht, Tallinomadal
(T. bank), ani islands: Prangi: and Aegna to Surupi (cape). They are
characterized by a constant increase of salinity (from east ‘o west)
to 6°/40 and trs increase of temperature of water to 6.16°, as well as
by a decrease of deys with ice. These conditions correspond to a
gradual complication of fouling biccocnosis. The fouling is supple-
mented by such new specles as the bryozoan Electra crustulenta var.
baltica, mytilaceans, and green alga Enteromorpha glomerata; at places
a complex stratification of organisms is created, which leads *o com-
petition for space and food.

Barnacles constituted the main organisms on these buoys. Their quan- /45
tity per unit surface, as well as their size, increases gradually.
Thus, on buoy No. 6 in Area III (Kolga laht) the bilomass of barnacles
was ten times smaller than cn buoy No. 14 in Area IV (Tallinna laht).
If the size of barnacles in Area III fliuctuates from 0.2 to 0.5 cm,
then in Area IV barnacles are from 0.2 to 1.1 cam. Individual scattered
populations of foulers on buoys expand, forming a continuous cover
blanketing uniformly the entire underwater surface of the buoys. Al-
though the fouling in these areas continues to remain basically a one-
layer cover, sometime. the colonies of tryozouns tlanket the shells of
barnacles with a dense cover. But when they develop directly on the
metal su:rface of a buoy, roundish cake-shaped colonles reaching 2 cm in
diameter are formed.
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Distribution of Marine Fouling on Buoys and Sparbuoys in the
Soviet Waters of the Baltic Sea (1960-1962)

(the numbers correspond to the numbers of the figure) X

No. of Biomass of foulers, g/m2

buoys

and  (Barn- Bryo- | Mytd - Hydroids

spar- ac.ies ZoAans aceans Obelta lovens c‘,,g::ﬂ“u Hde'O'.'LdS

buoys
' + - -~ - + -
2 132,0 - - 2,5 - -
3 + — - + -
4 + - - - + -
5 - - — — + ~
8 175,0 - - - - -
17 285,0 —_ - — - -
8 343,0 - - - - -
9 508,0 | - - - - -
10 608,0 0,4 0,25 0,5 4,2 -
14 852,0 —- — - - -
12 858,0 —~ - - ~ -
13 1798,3 8,2 29,17 15,0 0,1 —
% 695.0 - 2,0 - 2,9 -
15 1113,5 0,15 - - 0,1 -
i6 742,0 0,3 - - — -
17 2044,0 A2 4,8 102,7 - -
18 1517,25 8,0 0,85 80,85 10,0 -
19 1133,5 3,6 1,8 12,5 - -
y.{] 920,0 — 6,2 — - -
21 1040,0 - 10,0 — - -
2 1127,8 - 66,0 - - -
7 2225,0 1,2 4,2 - -] -
2% 1590,0 - 75 - - -
' 50 - 11,8 —~ - -
2% ! sues - 0,1 - - -
27 2655,0 - - - - -
28 3150,0 -_ —_ - - —
2 | 132000 - - - - -
0 1670,0 - _ - - _
3t 50,0 - - - - -
2 AT18,5 - 18,5 - - -
3 2646,0 - - 32,8 — .-
3 44,7 o7 200,8 - - -
35 1258,3 - 48,03 - - -
» 22765 - 2.5 - - -
n 1516,0 - 1,2 - - -
38 2187.3 2,07 162,08 - - -
k ) 2158,3 0,687 213,3 - -- -
) 1454,3 - 8,08 & -- - -
a 883,3 4,33 32,2 20,9 - .-
2 6182,5 - 8,85 - - —
I\ 1219,5 1,85 17,4 - - -
“ 646,0 - - - + 1930,0
@ - - - - -~ 78%0,0

| el
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Table (continued)

No. of Biomass of foulsrs, g/m2

ydroids

and Bain- ‘ Bryo- Myti-
8par- | acles | zoans | laceans Obeila fovent | Cordylophora | Hrdroids
buoya 1 casp l
46 1380,0 ! ~ - - |
47 957,0 — - — — 1 920 0
o] 339,27 - 13,30 - 5974 | -

¥ 11us denotes the presence ¢n buoys and spar buoys of foul-
era, the Juantity ¢’ vhich was not established.

The distribution of foulers along the rertical on budys is not uniform.

Meraly a belt of algae to a depth of 1 m can be discerned.

The mean hiomass of fouliny on buoys No. 6-8 in Area III, there onlv

barnscles and algae (Clatoms and Cladophora) were found, constttuted
9.4 g/mQ. In Area IV, where buoys No. @ to 1¢ had been anchored,

the mean biomass of fouling reached 823, -/m‘.

A =small quantity of my"kaweans wag tound on buwoys No., 12, 13, and 14.
They were very small {to U.) cm), the average juan'i'y beﬁux 0”13 0,11
ind/m<, Therefore mollusk: cannot exercise eppreciable influence on

harnacles, oryozoans and hydroids, vhich kad occupled the buo

Area vV constituted the large neck of the Gull ¢f ?inland, Estontan
Islands (Miiumaa and Saaremsa’, Straft M:hu Vain and the northaastern
part of the Gulf of Rirg., The area s characterized by in‘ense water

’

exchange, a mean sellilty 0F A.49° 4y, and water ‘erperature 57 1,60

3, by & l&""e Juant 'ty of p ark’o l, a:d a conglderable Influx =f sus-
pended organic maiter frw* surrounding }and massws {lenkevi:h, 19.7;
Yarvekyul'g, 19¢° Buoye 1 u.u‘fe; W I” 7F were i the area. The
nean blomass cf marine fyaling :o.s'i*u-ed TV p/me. The main
foulers were Mrnacles and my*tilaceans, the accompanying forms belng

bryozoans, two species of hydroide {Joriyiorhora caspis and _bel.l

— oo

loveni) and vari>us algae (distoms, irwen, hrown, and red algae!

The harnacles formed iwo lowe:r layers of the F~ullng. Mytilacoeans
«<ere Tound on barnacles, constituling a& mass compornert of fouling on
a.l "he buoys ~° -his area; the Jantif; 2f pryczoans and hydrolds

~¥as smailer. The size >f the barmacles wa: : .
mi. Moat frejuen‘ly, ocarnacles were found froz .4 o 1.7 em long,
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which 4s the msan size. The barnacles prevail over all the other
foulers, makir~ up the main blomass. Thus, their mean blomass on
buoys equaled 2673.5 g/m?, the mean numerical value bc ng 10,967 1nd/
m?. The greatest nmumbe's of barnacles were fcund on buoy No. 12 -
namely, 25,800 ind/m<.

Mytilaceans occupied all the less protected spots between the shells

of barnacles and were sticking to their *ateral walls., Thelr numbers
were considerable, reaching 11,600 ind/m . Their size was, however,

very small (mainly tc 0.3 em; a few reaching 0.6 cm). The mean bio-~

mass was 19.2 g/m<.

The late settlement and slow development of mytilaceans in the given
sector of the sea, as well as the Jimited period of observations, did
not permit the reaching of a durable and stable state of settlement
(climax), as i1t was ~ointed out above.

The character of marine fouling in Area VI was very similar to that of
the preceding area. It includes the access to the part of Ventspils
and Irbeni vdin (Irves saurums) (buoys No. 34 to 41). It can be as-
sumed that the given area located near the entrance tc the Gulf of
Riga, i.e. in the 7one characterized by intensified water circulation
and influx of & large quantity of organic matter from the £, is
rich in plankton and detritus. This creates favorable conditions for
the development of marine fouliig, the more so for the reason *hat the
dilution, which is observed in the interior of the Gulf of Riga, is
not prorounced in this area.

The main foulers are the same as in Area V; however, the barnacles are
in the mafority; then follow bryczoans, hydroids Jbejis loxsgi,~muphi—
pode and various algae (on buoys that a:e ﬁot soiled with petrolenm,.
The mean biomass of the ar o8 15 2032.3 g/m<. The mean biomass of bar-
nacles ccnstitutes 1797.3 g/m<, the maximum being 4072.0 g/m< and
12,% 4nd/m” (at the depth of 4 m, tuoy Ne. 34). The mean tiomass of
myti,aceanq on the buoys wvasl™S.4 g/m‘ the maximum beling 1335.7 g/ 5
and 795,300 {nd‘m< (at the depth of 3 m, buoy No. i3). The sise of
nytilisceans fluctuate. frox -.C% %0 1.3 cm. However, mcre often mol-
Jusks were found with sizes varyiny from 0.3 to 5.6 cr. ALl of the
organiszs form two layers. Barnaclesa, which form the sntire first

layer and also part of tte sucond layer, reach gras® numbers (to 21,8

ind,/r<), which leads to the elongation of the shell. Nuserous moilus's
find shelter among the shells. GSryozoans grow elther on barnacles or
on nytilaceans; howvever, their nunbers are insignificant and they doe
not reach great sizes. The main zass of hrdrolds is found at the
depth of [,”~2 n from the swace. The diveloment of mytilaceans
among hydrcida is, as & rule, weakly proncunced. If thers are zo

—————

M:;; 5 ;
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hydroids on a buoy, the mollusks occupy the entire surface of the
buoy, forming spots of accumulations in the most diverse places.

As to the amphipods, such as Gammarus salinus and Calliorius crena-
latus, their number on buoys 1n this area was considerable (from 100
to 1000 ind/m?); besides, they are uniformly distributed with depth.

Amost all the species cf algae that were mentioned above are repre-
sented in this area. The only exception is Porphyra atropurpurea,
which is found only in Frisches Haff (Visle estuary). The distri-
bution of algae on buoys follows the general pattern., With the
absence of pollution, diustoms and green algae form a belt slong the
water line. They are joined by small numbers of brown and even red
algae, which are associated with increased turbldity of water or with
large quantities of foulers and shaded places, furthering the growth
of the algae. At the depth of 2-6 m the green algae are less fre-
quently found than red and brown algae. The quantity of red algae is
insignificant on buoys. ‘

The diatoms are, as a rule, distributed over the entire underwater /47
surface of the buoy, and they grow on free sections, as well as among
other foulers.

The main type of fouling is also characteristic of Area VII (near
Liepaja, on buoys No, 42, 43, 48, and 49). The basic organisms are
the sare as in Area VI; they are followed by bryozoans; the only
crustacean is Idothea baltica; of algae we have diatoms, Ceramium cim-
bricum and Enteromorpha crinita. The distribution of these organisms
over the surface of buoys does not differ from that in Area VI. How-
ever, the blomass of individual components of fouling, as well as the
mean biomass, 1e in this area considerably smaller than in the two pre-
ceding areas. This can be explained by a relative impoverishment of
plankton (Shurin, 1953), which constitutes the main source of food for
foulers and which also supplies their larvse with food.

During the warm season of 1960, the mean biomass of marine fouling in
Area VII reached about 1500 g/m?, The greater part was made up by
barnacles (1451.0 g/m?)., Barnacles of all sizes were observed here,
the most frequent, and average, length being 0.6-1.0 cm. The lengthk
of mytilaceans varied from 0.1 to 0,6 cm, though small individuals
with sizes renging from 0.1 1o 0.3 cm prevailed. The mean biomass for
the area was 13.1 g/m?. The maximum biomass of mytilaceans was found
at the depth of 1.5 m from the surface cn buoy No. 43, where the value
reached 32.0 g/m? and the number was about 5500 ind/mé.

I e o L S e ————————ve e s = - e
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It need be noted that no fouling was observed on buvys No. 48 and 49.
The point is tha*t these newly painted buoys were placed in the water

only by the middle of October 1960, when the aettling of foulers did

not take place.

The Gulf of Riga 1s rather diluted (5-3°9/00) tut rich in nutrient
plankton (Zenkevich, 1947), which creates a peculiar pattern of foul~
ing. The recion is therefors singled out as Area VIII characterized
by a great quantity of marine fouling (3023.75 g/m?) and uniform spe-
cies composition. The main foulers are barnscles. Mytilaceans (found
only on buoy No, 32), the hydroid Obells loveni (on buoy No. 23) and
algae (mainly diatoms) appeared to be only accompanying forms and
seldom were found, and in very ser- 1 quantities.

The quantity of barnecies was very ygreat on all the buoys and spar
buoys (from No. 27 to 73), their numbe+s reaching 55,800 ind/m?. The
greatest number of tarmacles was on spar buoy No, 29, which was in
the water for £ per’od of two year. and housed approximately 120,000
ind/m?, the biomass being 13,200.U g/m?. The barnacles formed two,
and in certain c:ses, ¢ven three layers.

Their maximum hiomass constituted 5948.0 g/m? (at the depth of 5 m on
buoy No. 37). Meanwhile, the barnscles of Areas III and IV were usual-
ly forming spots on »uvy3, consisting moat frequently of only one
layer; wher2as in the given arca they formed a continual mass consist-~
ing of two and three layers. Thus, according to the specles compoail-
tion, quantity ana characteristics of distribution over the surfacs of
buoys or spar buoys, the latter area differs considerably from Areas
IIT and IV, despite ths fact that in the three areas ths tulk of marine
fouling was formed by barnacles.

Of the eight objects placed in the Gulf of Riga, unly five (buoys No.

32 and 33 and spar buoys No. 27, 28, and 30) wers in the water saeven
months, including the entire warm season of 1960. The mean biomass of
barnacles made up 3014.75 g/m?, the total biomass of fouling being
3023.75 g/m?. Buoy No. 31 wus anchored in the water only on 1 September
and taken sut on 2/ December 1960, It was covered only by small single
barnacies, scattered all over the surface of the buoy.

The buoy No. 50, which was anchored in the gulf cn 15 September and /48
taken out on 24 December 1960, was completely devoid of foulers.

Hence, it follows that in the Gulf of Riga the setilement of larvas of
harnacles is, as a rule, completed by the middle oi' September, which

is evidently associated with abrupt cocling of watar in the second half

of September.

@ﬁﬁﬁﬁ
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The last area, Area 1X, covers Frisches Haff and the northeasteru part.
of Gdynia-Orlovo in the area of Baltiysk. The camples of marine foul-
ing were taken from bucys No. 44-47. Buoy No. 44 was in the sea west
of Baltiysk from 8 August to 27 December, i.e. 4.5 mon'hs when the
water was rather cold. Despite the fact that the occupation of the
bucy by larvae could occur only during three months (to November) and
that the temperaturc was graduslly diminishing, the mean biomass of
fouling was considerable on the buoy (2603.2 g/m?), but the greatest
value of the biomass of hydroids reached 5760.0 g/m2. The main foul-

ers were hydroids.

The ramaining thrae buoys were anchored in the Frisches Haff for 2.5
months. The main foulers were hydroilds as in the preaceding case;
their blomass reached i3 kg/m? at the depth of 2 m {on bucy No. 45).

Tae mean biomass of hydroids for the entire area equcls 2770.5 g/m?.

Barnacles can be considered to be secindary organisms for this ares,
because their number and their size were relatively _mall (0.3-0.5 cm);
thelr development was considersble >rnl, on those spots of buoys where
tke population of hydroids was insignificant. As a whole, the barnacle
biomass for the area was 7.5.75 g/m<, while their g-eatest biomass was
observed on the water lins of buoy No, 46, there the value reached
1430.0 g/m2. Tt is evident that in ~his iype of marine fouling, the
development of barnacles wvas otstructed. Occupying the first layer

and being the first inhabftents on bucys, the Larnacles latar become
subordinated forms of marine fouling. Meesnwhile, “he developmeni of
hydroids is profuse in itnis area. In places whers the hydroids are
bountiful, the numbar ¢ Larnacies is small and thei:r sizes are
limited, they die out, despite baving beer *he first settlers on buoys.
Cf the other cubordinated organisms we heve a small number of crasta-
ceans (Idothes baltica, ohserved or. bucy No. 44; and a diverse and
rather bountiful plant world. The main foulers are Jladophors rupestis,
Enteromorpha cririla, Ectocarpus silculosus and E, siliculosus f. vari-
ang, a8 well &s PurpLyia .tropurparea. ‘

Tge total biomass of marine fouling reached in this area is 3605.5 g/
mk.

The hydroide form a contlnuous cover on the urdarseter part of *he
buoys. However, their main mass forms a clearly pronounred thick belt
(approximsx‘ely 0.5 m wide) surrovnding the tuor at .he depth of 2 =.

Here we have two species of hydroids: Zordyicpnora caspla (sme’l quan-
tity) and Hydrojdea =p. Accurate determination of the latter was
hindered because of the ahsence of .tha (the zarine fovling on
buoys was investigated in the winteri. However, cn the husis of the
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branching and structure of the stem, its length and color, as well as
ecological properties, this species is very reminiscent of Perigopimus
megas of the Kiel Canal, described by Kiine (1956b). oidea sp.,
as Perigonimus megas. lives in diluted water (from 1 to %°7oj, is
thermophilic, reduces hydranths and gonophores at temperatures below
9-12°, 1,e. from October to May the species does not have them. Hy-
droidea sp. reproduce intensely in July and August, but growth ceases
at 3 termmerature of 14° (Kinne, 1956a). Formerly, Per

wvas not discriminated from Cordylophora caspis and therefore its dis-
tributior is still little known. In 1960-61 it was found in the Sea
of Azov (Simkina, in this compilation) and the Caspian Sea (Zevina et
al., in this compilation). I consider, like D. V. Naumov does, that
Hydroidea sp. is a perigonial form which couid find favorable condi-
tions for its growth in Frisches Haff,

In the summer of 1961 we examinei buoy No. 44, which had been anchored
in the water five months (from April through August) west of Baltiysk.
The marine fouling on it differed considerably from the fouling of the
same tuoy in 1960, although hydroids (Cordylophora caspia) dominated,
as in 1960. The hydroids were found at the 4epth of 1 to 5 m, forming
a thick belt at the depth of 2 m from the water surface. Their bio-
mass equaled 597.4 g/m<¢. In contrast to 1960, the entire surface of
the buoy (in the underwater part) was strewn, as with beads, with young
mytilaceans whose length did not exceed 0.2 cm, the msan biomass being
13.3 g/m?. The appearance of mytilaceans in the area, where they were
not found in 1960, must be caused by a certain increase in salinity and
rise in water temperature during the first half of 1961. The latter
fact was, evidently, associated with the warm winter of 1960/61 when
the juaiitity of ice was small in the sea. Its melting, combined with
decreased floods in the rivers of the Baltic basin, did not create a
sharp decrease of salinity in April-lMay 1961.

Sarnaclies occupied the first layer in the blocoenosis, and they were
very small in sise. Deapite their great numbers {to 10,000 ind/m?)
their mass was insignificant {ca the average 539.3 g/mzs. A small
quantity of diatoms was observed along the water line. The general
biomass of fouling on the buoy equaled 1151.2 g/m< in 1961,

(DNCLUSIONS

According to the character of fouling on protective barriers, nine
areas can be singled out in the scutheastern part of the Baltic Sea
(see figure,. As demonstrated by observations, a gradual complication
in the composition of marine fouling takss place along the coast of
the Ouif of Pinland, froz Xronshtadt to the area of large Fstonian
Ialands. This is expressed by an increase in the uuxzber of species
and the yuaniity of biomass iz marine fouling, in the appearance of
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stratification and intensification of competiticn for living space
and food among the foulers. Thus, fromx a wsakly pronounced fouling,
scattered over the surface of buoys in separate spots in Areas I and
IL a continual cover of foulers forming several layers was observed
in Areas IV and V. However, if in Area IV the main mass fouling 1s
made up of barnacles, in Area V the main mass consists of bernacles
and mytilaceans. The character of marine fouling in coastal belts
(VI and VIT) is very similar 4o that of Area V, the only differences
being in the quantity of fouling (2707.0 g/m? in Area V, 2030.0 g/m?
in Area VI, and 1500.0 g/m? in Aree VII).

The marine fouling in the Gulf of Riga and Frisches Haff (Areas VIII
and IX) bears a peculiar character. Thus, in the Gulf of Riga a
sharp impoverishment of qualitative composition in marine fouling is
observed; only barnacles participate in the process; however, their
biomass increases considerably (to 3023.7 g/iz). In Frisches Haff
bhydroids are bountiful, predominating over all the foulers, including
barnacles, The total biomass for the area (IX) 1is 3605.5 g/m?, which
is the highest of the regions of the Baltic Sea that was investigated,
The enrichment of tls composition of marine fouling from east to west
in the Gulf of Finland, i.e. toward the exit to the sea, as well as
the peculiar types of foulers in the Gulf of Riga and Frisches Haff,
is closely assoclated with various ecological conditions, such as
temperature, salinity, currents, the quantity of nutrients, as well
as other conditions and their combinations, the analysis of which is
diftricult for the time being.

A new species of hydroids, which should evidently be named Perigonimus /50
megas Kinne,was disclozed in Frisches Haff,

Generally, it must be conceded that the fouling in the Baltic Sea is
insignificant. C. the whole, the biomass of foulers during 7-8 months,
including the entire warm season, was 2400.0 g/m? for 1960.

As to the mutual relations among the components of fouling, the foulers
of Frisches Haff deserve attention: hers hydroilds subordinate and
oppress the first settlers — barnacles — causing at times their de-
struction. In this case, a well pronounced shift in forms — succession
— manifests in just one warm season.

The biocosnosis of marine fouling inv~.stigated by us does not reach a
stable (climax' phase of dsvelopmeni, as 1s the continuous cover of
mytllaceena. This 1s obstrurted mainly by the limited time during
vhich the buoys were anchored in the sea (lsss than a year). In
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addition, the rate of growth of mytilaceans i1s greatly retarded in the
Baltic Sea (small forms, in addition to normal individuals, are typical
of tr)xe sea where a normal decrease of salinity is observed. Zenkevich,
1947

Because in certain instances the marine fouling can reach a considerable
qQuantity in the Baltic Sea and can, in addition, further the corrosion
of the metal surface of buoys, the buoys must be covered with antifoul-
ing paint prior to their anchoring in the sea in order to normalize and
make their utilization convenient.
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G. B, Zevina

MARINE FOULING IN THE WHITE SEA

Abstract

Over 20 species of animal macrofouling organisms have been
found on tha buoys in the White Sea, the leading forms being
Balapus crenatus, B, balanoides, Mytilup edulis, Obelila
longissima and Depdronotus fromdosus. Accordirg to the quali-
tative and quantitative differences in the character of foul-
ing, the White Sea may be divided into five regions. The
fouling of the "Funnel™ and "Mouth" of the Sca is scarce and
that of the Mezenskaya guba i1s a bit heavier. The heaviest
fouling was recorded in the most remote parts of bays running
deeply inland. An average quantity of fouling on buoys,vhich
are usually exposed in the Wiite Sea for a period of six to
8’x and one-half months, amuunts to 0.4-0.5 kg/m<.

Ths marine fouling in our northern seas has been 1little studied. Only
e study by L. A. Zenkevich (1935) can be mentionsd. The author dis-
cusses marine fouling in Yexaterin(skaya gavan') Harbor (Xol'skiy
galiv). A detailed compilation (Marine Fouling and Its Prevention,
1957 X ) 1ists tLs results of investigations of marine fouling cn buoys
anchored between Newfoundland and the Gulf of Mexico and bstween Puget
Sound and Southern (aliformia, i.e. in temperate latitudes; beaides,
this compilation does not list cuantitative data at all.

There are no investigations dealing directly with marine fouling in
the White Sea, but its benthos and plankton have already been suffi-
~iently well invesiigated. In addition, numercus studles deal with
the ecology of organisms found in marine fouling.

I studied the fouling on buoys anchored in varions parts of the White
Sea (fig. 1), as well as along Novaya Zemlya and in Pechorskays guba.
Most of the buoys were in the water from the end of May through Novem-
ber (5-6 wonths) caicia; the buoys of the Severod reyd were in
the water from 13 May through the end of November (6 1/2 months), buoys
A,B, B, and I" were in the water from tho end of June through the end
of Novemoer (5 months), the buoys of Pudoxhemskogo ust'ys and Chishe

Frranslation date, English to Russien. (Editcr's note).
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River were in the water from the beginning of June through the begin-
ning of December (6 months), but the buoy of Novaya Zemlya and Pechor-
skaya gube were exposed from the end of June through the middle of
Novenber (4 1/2 months).

Samples were taken trom various sections of buoys: along the water
line, at the depth of 1 m from the vertical side of body, at the depth
of 1-1.5 m from the lower side of body, at the depth ot 3-5 m from the
tube of the buoy and at the depth of 4-6 m within the tube at the
opening. The living conditions and specles composition of organisms
differed considerably with various places on buoys. There was suffi-
cient 21lumination along the water line and also oif'ten intense wave
motion. Algae prevailed here. At the depth of 1 m the illumination
was not so good and wave motion was less intense. Animals prevailed
here, though also often algae were found. In the lower part of the
buoys, the 1llumination was considerably weaker, and the vertical sur-
face was replaced by horizontal surface Only animals were found
here., At the depth of 3-5 m, the illumination on the vertical surface
was weak, and the wave motion was not intense. Also only animsals were
observed here. Light and wave motion were completely absent in the
tube. Nevertheless, water exchange took place because the buoy oscil-
lating with waves was displaced as regards the layers of water, and
the fouling in the {ube near the opening was usually very considerable,
often denser than on the external surface of the tube. Farther from
tas opening, the fouling gradually decreased in the tube, and at the
distancze of 2-4 m disappeared altogether, Only large individual myti-
laceans wvers found here, which had undoubtedly moved in, but had not
developei in the section. Evidently, the water exchange in the deep
portion of the tube was weak and did not offer chances for the develop-
rent cf foulers., As a rule, the samples werse taken from similar
vl=ccs; however, sometimes it was not possible (if the marine fouling
had be;n removed by ice or during the 1ifting of buoys aboard ths
vessel ),

The reasons for taking samples from buoys were as follcws. The con-
ditions on buoys are similar to conditions in the upper sublittoral
because the buoys ere not subjected to drying, as is also the case
with the hulls of ve sels. Thus, the organisms that occupy buoys in
the same areas could cccupy the hulls of vessels as well, and the dis-
tribution of foulers on buoys could help clarify the potential foulers
on vessels.

The quantitative study of the population of the snlid bottom of the
sublittoral is prevanted by the absence of the¢ needed tools. Only a

/53
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Fig. 1. location of buoys from which samples of marine foul-
ing were obtaired and the names of the bwoys.

The geographical names and those of the buoys are listed here
clockwise from the upper left-hand corner.
zallv area: Kandalaksha - Vorob!yevskiy - Tsar'-banks; Kol'-

skly poluostrov; Mezenskiy saliv t Orlovako-Terskiy -
Chizha ~ Mezenskaya guba zl‘azanskiy saliv) - Severnyy - Ke-

dovskiy - Mezen' (River); @M&ﬂl"_{mx Pudozhemskogo
ust'ya - Arkhangel'sk - Severnaya Dvina (River) - Severodvinsk
- No. 1, 2, 3, 14, 13, 17 and Yakornyy - Unskiy 1 - Unskiy 2;
Onezhskly zaliv area: Zhizhginskiy - , B, A, and - Avariy-
nyy - Letne-Orlovskiy - Pushlakhotskiy - Bakanskiy - Lyamit-
skiy - Pur'yemskiy - Onega (River) - Karel'skiy - Oneshskaya
guba (Oneshskiy zaliv) - Belyayevskiy - Belomorsk - Zhemuyskiy
~ Kemskiye - Kem' ~ ostrova Solovetskiye -~ Sambaludskiy.

diver is in & position to take quantitative samples from solid bottom.
Therefore, despite the fact that there are quite a fev studies dealing
with quantitative investigations of the benthos in the White See, the
da‘’a on the so0lid botiom of the sublittoral are far from complete in

these studies. The time during vhich the buoys had been in the water
has always besn accurately known.
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Milne (1940) rotes that the organisms 1iving on the bottom usually
penetrate fresh water basins farther than the organisms living on buoys,
which he considers a typical characterist’c of 1ife on buoys.

The number of species found among the foulers on buoys exposed in the
White Sea (about 20 spezies 1) 1s insignificant in comparison with the
total numbar of animal species constituting the bottom fauna of the

sea (about 800), On the basis of fraquency of occurrence, hydroids
constituted the first place (95.2°/c), mytilaceans the second (64.4°/o),
which were followed by ¢ tus (62.29/,), nudibranchiate mol-
lusks (47.6°/,), B. balanoides 31.2.0°so), bryozoans {33.6°/,), Asterias
rubens (19.6°/o$ gammarids (16.29/, , caprellids (14..°/,), Anomia
squamosa (B.LO/OS, Verruca  tromia (5.6°/;), B, balanus (2.80905.

K. M. Dervugin (1928) distinguishes seven main areas in the white Sea: /54
1) Estuary of Severnaya Dvina, 2) Dvinskiy zallv, 3) Central Basin,

4) western part of Kandalskshskiy zaliv, %) Onezhskiy zaliv, 6) Gorlo,

and 7) Voronka. The distribution of marine fouling on buoys anchored

in the White Sea is patterned after a scheme by Gur'yanova (1942}, but

the middle part of the sea end the open portions of Kandalakshskiy

saliv, Cnezhskiy zaliv, and Dvinskiy zaliv are singled out as a special
area of open sea. We did not have data o1 the deep section of the sea.

Thus, on the basis of qualitative and Jquantitative differences in
marine fou.ing, the following areas of the White Sea were singled out:
1) Voronka, 2) Goric, 3) Mezenskiy zaliv, 4) coastal belts of Dvinskiy
zaliv, Unezhskiy zaliv, and Kandalakshskiy zaliv, <) open parts of the
sea and the last three gulifs,

1. Yoronka area. Only oze buoy was examined - namely, Crlovsko-Ter-
skly (see fig. 1). It differed considerably Trom the buoys of other
portions of the sea by almost complete absence of fouling. The over-
all biomass of marine fouling constituted only about 1 g/z and {t
consisted of {individuals of Palan: oldes sttached in cracks and
other hidden places of the buoy. It seemed that a strong current in
the area, which was evidently carrying sand and shingle, had torn off
.ne foulers from the tuoy.
1The identifications were 7ladiy made by the following expertst A. D.
Zinova - algae; 5. D. Stepan'ywits - hydroids; E. F. Gur'yanova - ax-
phipods; S. V., Vasilenko - caprell!ds; I. S. Roginskays - nudiiranch-
{ste mollusks; M. G. Gostilovskaya - bryosoans; V. V. Khlebovich -
pelychaets.




TRANS-221 74/54

2. Gorlo arsa, Two buoys on banka Kedovskaya Koshka were esamined.
This area, like the Voronka area, is characteriszed by strong tidal
currents. The marine fouling on buoyw was very weakly developed (on
the average 10-20 g/m?), despite a belt of green algue with a biomass
of about 600 g/m<, which was observed along the wa'er line. Animals
formed isolated =pots in places protected from the action of water.

A few hydroids, Dalanus balanoides and B, crenatus, as well as indi-
vidual gammarellus homar] were found in the area.

3. Mezenskayas guba (Mezenskiy zaliv) area is characterized by great
speeds of tidal currents which intermix the entire water layer. 1In
this gulf, we succeeded in obtaining only qualitative samples from
buoys Severnyy, Nes! and three buoys anchored in the estuary of Chizha,
because the fouling was dry at the moment the samples were collected.
It can, hcwevor, be said that the biomass of fouling made up about
2%0-30 g/m< in this area. The arrangement of fouling was as follows:
a belt of algae with hydroids alcng the water line; hydroids together
with mytilids, small colonies of bryoscans and barnacles at the depth
of C.5 m. Hydrological conditions varied from place to place, which
created differences in the fouling. Thus, on buoy Severnyy we observed
hydroids (Tubularia sp., Jbelig sp.), as well as smsll mytilids not
exceeding 7 mm and individual Balapus bailanoides rot exceeding 13 mm.
The fouling of buoys in the estuary of (hizha consisted of hydroids
(Obelia sp.) and crustaceans B, balapoides and B, ;rematus 9-10 mm
long. The absence of mytilids on the buoy could be the result of a
rapid current and a low salinity. The most abundant and varied fouling
was found on a buoy near Nes', Here, in addition to aigae, we found
hydroids {Cbelis longlssima;, newly settied mytiiids not exceeding

11 o in length, small settlements of bryozoans and caprellids - e2ll
occupying a belt along the water line,

The number of species composing the fouling on buoys anchored in Mezen-
skeya guba was very insignificant, which corresponds to data on the
fauna of tkis area listed by Qur'yanova (1957), who considers that the
qualitative poverty is associated with quantitative poverty.

be -] 2 t ts o $ g8,, J

iy 2.}, and Kandalakshskiy 8, Dvinskiy zaliv 1s charscterised
by weak currents and sharp tupenture and salinity stratifications:
the varm diluled waters of Severns,~ Dvina, vhich progress over the
surface of the gulf, are replaced by cold sdino vater at the depth of
12-12 m., The salinity also varies {rom the estuar: of Dvina toward the
exit of the gulf. Therefors, ‘he fouling on buoys anchored in the
estuary area differs from the fouling on buoys in the en’rance of
Unskays guba.

/55
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in the estuary of Severnaya Dvina the following buoys were anchored:
Yatornyy, all the buoys of Severcdvinsk region, including ros. 1, 2,
3, 12, 13, 17, and the buoys Pudozhemskogo ust'ya. These buoys were
characterized by the greatest biomass of fouling in the White Sea -
the average being 2 kg/m?, the maximum 5 kg/m?. The following animal
toulers were ouserved on the buoys: mytilids, not exceeding 18 mm,
hydroias Obelia longissima; but on buoy Unskiy 1 we found Iubularla
sp., R.lanus crenatus (the carino-rostral diameter ranging from 4 to
18 mm), bryozoans, which at times made up a considerable portion of
fouling, individusl polychaetes, nudibranchliate mollusks, and stars.
Mytilids were in predominance (fig. 2 and 3).

The fouling on buoys anchored in the entrance to Unskaya guba was
charscterized by mimite mytilids (to 7 mm long), hydroids (Tubularia
§p.), and a multitude of caprellids, especially on buoy Unskiy 2
\table 1 ) N

Table 1
Marine Fouling on Buoys Anchored in the Coastal Sectors of
Dvinsk_, Zaliv

T :"

' 0

n ot L)}

0 0 '3 3 'g é

pa | | I 5 ~ ) ] a O

Buoy ool o B IR ord

gal 21 g <1l = ty e
O N [ 5] — Q L ™ ] N
o _g & o Pl ol K 58
BBl 8] Blg85 2 (8%

i SRARSE >

Severodvinsk

NO. 1 ¢ e . * s e 2 e & a + + - - + - + + 917
No. 2 . . c e e e e + |+ (- 1-{+ 1=+ + | 808
No. 3 ... ¢4 v v v + |+ + -1+ }{-]- - (186G
NO. 1?. ¢ ® e o » © e e 8 + 4 - - + - - - 4950
NO. l7n . 3 . . . L] » . . + + - - + - - b 2680
Yakorayy. . . . . . .« .o + +{+ |- 1+ |+ - - 2470
Pudozhemskoye ust'ye. . . + +i=-1-1*t1- - - -
Unskiy 1. . . . . . . . . + |+ -+ |+ - { - - -~
UnSkiy 2. ¢« & ¢ 6 9 s - + - + + - - fned hend

The mean biomass of foulers on the buoys equalled about 2 kg/m2.
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The protected coastal sectors of Oneghskaya guba (Onezhskiy zaliv) are
characterized by the type of fouling found on Pur'yemskiy and Karel'-
skly buoys (tsble 2).

The great mass of fouling is associated with the accumulation of myti-
1ids (fig. 4 and 5), reminiscent of mounds of coarse sand, which con-
ceal the stolons of hydroids serving as substratum for the mollusks,
The number of mytilids reaches 7,800,000 ind/m<.

include stars

Their accumulations

Asterias rubens, as well as caprellids.

The number of

hydroids Obelia longissima 1s very small, the mean biomass being

1.8 kg/m<,

Table 2

Marine Fouling on Buoys Anchored in the Coastal Sector of
Onezhskaya guba

Balanus . Caprel~! Bryo~{Myti- Mean

Buoy crenatus |V °148) 134¢ zoans| 11ds Stars bizy;gs’
Pur'yemskly. . + + + + + + 1584
Karel'skiy . . - + + - - + 2027

An idea on the fouling of Kandalakshskiy zaliv 1s obtained from samples

taken from buoys Vorob'yevskiy and Tsar'-banka (table 3).

They were

anchored in partly protected places, and the fouling on them is some-
what reminiscent of that in open areas consisting of a multitude of
hydroids (Obelia longissima); however, mytilids prevail here (fig. 6
and 7) and the blomass of fouling is considerable, many times greater
than in open areas.

The fouling on buoys 1s rather varied, the mean biomass being 1.2

kg/m?.

5. Area of open partis of the sea and of the gulfs Dvinskaya guba,

Onezhskaya guba, and Kandalakshskiy zaliv.

This area is characterized

by strong tidal currents and relatively saline water,
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Table 3

Ths Fouling on Buoys Anchored in Coastal Sectors of
Kandalakshskiy zaliv

| g Lo :
vhet
[} [} 3] —~
n n [o] 0
Buoy HERERE AR RERTE AL 2
AR EERE P
58 18R L RREFE
Blal|a |26 | B (22585 |25
Vorobtyevskiy. . .| + + - + + + + + + 1681
Tsar!-banka., . . .| + - + + + + - + + | 784

The fouling consists mainly of hydroids (Obella longissima) and the
nudibranchiate mollusks associated with the former; the number of
mytilids is small (fig. 8, 9, and 10). A small number of Sertularia
cupressina L. was found on buoy Pushlakhotskiy, and Tubularia were
observed on buoy Lyamitskiy. The biomass of fouling was small (table
L). The absence of crustaceans characterizes the fouling on buoys
anchored in more exposed places (A,B, B, Avariynyy, Sambaludskiy).
Verruca was found only on the uoys that had been anchored along the
west coast of Onezhskaya guba despite the fact that large quantities
of this species is found to the east of the area, where it is one of
the leading forms (Ivanova, 1957).

Typicai, was the absence of caprellids. The variety of forms of
foulers found on buoys anchored in more exposed locations was rather
limited; if, howsver, a buoy had been arncho.ed nearer to the coast,
motile forms were found on it, such as gammarids and golychaetes.
The mean biomass in this area equalled about 0.4 kg/m°.

The buoys tha* had been anchored in waters southwest of Novaya Zemlya
were covered with Obelia longissims and us crenatus, the latter
forming at places crowded settlements, so that the individuals had
elongated 1ily-shaped forms, the base length being 3-5 mm and the
height of specimens reaching 30 mm.
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Table 4

Marine Fouling on Buoys Anchored in Exposed Parts of the Sea and of
Dvinskaya guba, Onezhskaya guba, and Kandalakshskiy saliv

R
: : ®
[ < L)
7|2 y: L :
Buoy 210 @l o .-81 Q é
HFHHHEHEIRAHE
JEHHEHEEHE E

<= &2 BB B|2|F]2 |5
A .. . d-1-1-1+1+1+1+1-1-1-1-1-159
B..... col ===+t --1-1-1-Bu
B.. e v e s =l=-l-1+l+rl-l-]-}-1-}~]-838
C.......o0=-1+1-1+t+l-1-1-1-1-1-1-p2
Zhizhginskiy. . . J + |+ |-+ |+ |-1-1-}-]-1-1]-0569
Avariynyy . « « . - -1+ ]+ ]-1+]|=-]-}-1~-]+PB32
Letne-Orlovskiy . .| + -+ + =1+ 1-1-1-1-]+|1
Pushlakhovskiy. . .|+ |+ | - |+ |+ [+ |+ |+ ]| -|-1-]-D194
Bakanskiy . . . . +|1+1-1+]+]-1-1-1-1-1-1=-p8
Lyamitskiy. . . . + ]+ ]=-]+1+l=-1=-1+]+}]-1-1]1+]21
Belyayevskiy. . . .| + |+ |+ |+ |+ |+ |+ |=-]+]|+]|+]-}570
Zwzhmiyskly. . . |+ |+ |+ |+ |-]=-}-1+|-]-]-1]+|237
Vostochnyy Kemskiy.] - |+ | - |+ |- | =] -}|-]+{-]+] ~]246
Yuzhnyy Kemskiy . .| + |+ |- |+ |+ |+ |+ |-]-|-]+] +1356
Sembaludskiy. . . | = |- -]+ |+ |+ ]|+ |-]+1+1]+]|-I833

The fouling of buoys taken from Pecnorskaya guba consisted only of
hydroids and B, crenatus. The number of hydroids was small, but that
of B, crenatus reached 28,300 ind/m2, the biomass being 1.5 kg/m<.

The base length of barnacles was 2 to 12 mm, the height reaching 13 mm.

If the buoys of the entire White Sea are examined, it can be said that
the number of species participating in marine fouling is amall and
changing with areas. The leading forms are mytilaceans (Mytilup
odulis), hydroids, crustaceans (Balenus balanoides and B, crepatua),
and nudibranchiate mollusks. They are found throughout the White Sea.
Rewever, various species domirate in various areas and the mean diomass
of marine fouling also varies with areas. In areas that are affected
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by strong currents, as for instance in Gorlo and Voronka, the fouling
is insignificant. In exposed areas of the sea, also the currents
affect fouling; however, the degree of influence depends on the type
of organism: for mytilids, which cannot stick firmly to objects, a
rapid current is obviously unfavorable.

On the basis of data listed by American authors (Marine Fouling and
Its Prevention, 1957 %), the rate of accretion in mytilids is corre-
lated with the force of tidal currents because a rapid motion of water
improves the feeding conditlons of mytilids. This is, however, appli-
cable to a degree. The current speed given by the authors ranges be-
tween 0,41 and 1.02 knots, whereas the current speed in the White Sea,
according to data by Deryugin (1928), is 3.5-—4 knots in the Voronka
and Gorlo; but at such speeds the mytilids are unable to stick to a
chosen object, neither can barnacles settle on the objects.

According to Smith (1946), Balanus improvisus is capable of sticking

to objects at currsnt speeds not exceeding 0.5 knots, Dasychone consper-
ga can do it at speeds to 1 knot. Crisp (1955) thirks that the settle-
ment of barnacles is impossible at gradient speeds exceeding

500 sec-l (sic!), which corresponds to a current speed of 1-2 knots;
however, in protected places formed by rough spots of the hull of a
ship, the gradient speeds of currents are smaller and the larvae are
capable of settling at speeds to 5 knots. But in places where the

water movement is almost absent, the barnaclies do not live; this is
especially true c¢f B, balanoides.

The conditions in exposed areas of the sea are unfavorable for the
formation of fouling,and the quantity of larvae in water is smaller
than in coastal belts.

The turbidity of water exercises a great effect on algal fouling, be-
cause algae do not grow in the absence of light. It is seen from
fi1,-. 9 that the algae prevall even at the depth of 3 m on buoy Letne-
Orlovskiy, which was anchored in transparent water. Similarly, the
algal biomass on a buoy at o. Zhizthgin (Zhithginskiy) was more than

1 kg/m? at the depth of 1 m. Nowhere in protected places and turbid
water have been observed such great masses cf algae at the depth of

1l m, and their existence at the depth of 3-4 m, The mean biomass of
marine fouling on buoys that had been the water for six to six and
one-half morths 1s about (00— 500 g/m< for the entire White Sea.

¢
Translation da‘*e, English to Rusaian. Editor's note)
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According to L. A. Zenkevich (1935), the annual fouling in Yekaterin-
skaya gavan' does not exceed 1.5 -2 kg/m?. A similar quantity of
fouling can sccumulate in a ysar in bays and harbors of the White Sea,
as well as in the Baltic Sea (Arbusova, in this issue). These numbers
are completely incomparable to the biomass of fouling in our southern
seas. Thus, the mean biomass on buoys anchored for 7-8 months in the
northern Caspian sector was 11.5 kg/m? (Zevina and Starostin, 1961),
i.e. 23 —25 times more than in the White Sea. According to M. A,
Dolgopol'skaya (1954), the biomass of marine fouling on test panels
sutmerged in the Black Sea reached 548 g/m? in a month, i.e. 106 kg/m?
a year,

THE MAIN FORMS FOUND IN MARINE FOULING
IN THE WHITE SEA

Hydroids were found on all buoys, except for Tersko-Orlovskly, anchored
in Voronka. Altogether, four species of hydroids were idertified of
the 81 species cf hydroids listed by D. V. Naumov (1960) for the White
Sea; namely, Obells longissima (Pallas), Obelia sp., Tubularia sp. and
Sertularia cupressina L.

Obelia longissima was dominant, being found in all ths areas of the
White Sea, as well as on buoy= at Novaya Zemlya. in Pechorskaya guba,
and the Barents Sea. Sert ress was found once on buoy
Pushlakhotskiy. Tubularia sp. was found on buocys Lyamitsidy, Severnyy,
and Unskiy. Obeljia sp. was observed on buoys anchored in Mesenskaya
guba. Because the material was not well preserved it was impossibls
to identify the latter as to species.

Hydroids were found beneath the belt of algae of buoys. Usually a

large quantity of hydroids was found on the underpart of the buoy and

on the outside of the tubs. In the tube, the number of hydroids was,

as a rule, smaller, which is of course associated with a scant supply

of oxygen. The mass of hydroids is ter oa buoys that are anchored

in exposed paris of the sea (table 5). The biomass of hydroids is, on /62
the contrary, greater on buoys anchored in coastal belts; this is ex-
plained by the fact that the greater quantity of barnacles and mollusks
creates a greater area for the settlement of hydroids and other foulers,

as 1t wgs observed in the Caspian Sea (Zevina and Starostin, 1961).

Iz marine fouling on buoys the biomass of hydroids was sometimes sig-
nificant - as ruch as 3420 g/m?, the mean value being of the order of
200400 g/m?.

.
!
i
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Table 5
Biomass of Obelia longissima in Marine Fouling on Buoys in
the White Sea
Msan biomass Hydroids, °/o
Buoy g/m? of hy- “‘;"fbﬁ‘;s’ of the total
droids ob to g biomass
Protected area . . . . 473 1491 31.8
Exposed area . . . . . 313 440 71.1

Balanus balaroides is one of the most thoroughly investigated species
in the White Sea, as well as ir other seaas in he Soviet Union and
abroad. According to V. V. Kugne%sov (1960), the nauplii of B. balano-
ides appear by the end of May and the beginning of June, and young
barnacles appear Ly the end of June and the beginning of July. Some-
times the metamorphosis is delayed and the young appear only in
September or not at all,

In my collections obtained from buoys, B, balanoides made up 42.0°/,
to a depth of 1—1.5 m. Its quantity was very small - not more then
300 4nd/m2, the biomass being 215 g/m<. V., V. Kuznetscv and T. A.
Ma‘veyeva (1949) mention 48,000 4ind/m? of the species for the littoral
of the East Murmanskiy bereg, but M. N. Soxolcva (1951) men:ions the
highest rumber - 80,700 ind/m? - for the lit‘oral of Kandalakshskiy
zaliv of the khite Sea.

In the Sea of Okhotsk, B. oides forms large accumulations in the
sublittoral belt, reaching 1700 ind, /=2 and a blomass of 35 g/m”
(Savilov, 195”a). The smali juantity of B, balanoides found on buoys
in 1959 seems to be typical only of this year; in other years it can
be considerably greater,

B, b oides was fo 7 in the fastes* current on a buoy at mys Crlov
Orlovsko-Terskiy), where nothing else was seen in addition to this
species, nol even hydroids,

This species is no! found in tls estuaries of gulfs, vhere the salinity
of vater is lowv. Thus, it was not observed on a buwoy at Severodvinsk
and on nther buoys anchored in the estuary of Severnaya Dvina; neither
was it found on buoys Pur'!yemskiy and Karel'skly, of course, because
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of the dilution caused by the Onega River. According to data by V. I.
Zatsepina, L. A, Zenkevich, and 2. A, Filatova (1948), B 0

does not live in Kol'skly zaliv where the salinity is less than 209/oo,
but in the Kiel area the species is found at salinities 8-13°/o0
(Buchhcltz and Schultz, 1954). Tests by Barnes (1953) demonstrated
that with a decrease of salinity to 18°/oc0 the nauplii feel quite well,
but further survival depends on the length of time they have to live
in a water with low salinity. G. M. Belyayev (1949) reports that B.
balgnoides of Kandalakshskiy zaliv lead active lives at salinity ranges
from 12-15 to 45%/ co.

As to the growth of B, balanoides, their size exceeded many times that
of barnacles living in the littoral belt. On buoys Belyayevskiy and
Zhuzhmuyskiy, which had been anchored along the Karelian coast of Onezh-
skays guba, we found extremely large individuals: the length of their
carim-rostral axis was 20 mm. The largest species were found in the
same place where Verruca was observed. Evidently, the conditions for
both of the specie~ were most favorable in the area, Large B, balapo-
ides reaching the .ength of 18 mm were found on buoy Vorob'yevskiy in
Kandalakshskiy zaliv. In Gorlo and Voronka, where the curreat velo-
city was very great, B, bglancides was considerably smaller, reaching
the length of 12 mm; also in Mezenakaya guha, their length was limited
to 10-13 mm 4n places where they wsre observed.

According to data by A. I. Savilov (1957b), the growth rate of B, bela-
noides on the littoral of Kandalakshskiy zaliv wae small. Even at the
wost favorable conditions the lergth of one year old barnacles was

11.5 mm, and the length of 20.5 mm was reached only at the age of five
years. The same author notes that the sublittoral belt is character-
1zed by ths abssace of appreciable accumulations of barmacles, bu‘ in
places where they are found, their growth rate is high and sizea espe-
cially large. Both of the assumptions are confirmed by data obtained
by me. The sublittoral conditions are fzvorable for ocarnacles, because
they can feed all the time, and the wvater movement in shallow wvater is
sufficient for satisfying their food and oxygen requirements. Pyefinch
(1950) maintains that the grovth rate of LNW is accelerated
on the hulls of ships in the suvlittoral belt c?(sicl)s. According to
Barnes and Powell (1953), the barnacles when being completely sub-
merged reached the length of 1..5 mm by the end of the first year, it
according to Crisp (1960), the length was 17 mm in the same conditions.

A1l the B, balanojdes collected by me had a conical furm. The reason
was tha* the population density, as wes mentioned above, was not great.
M. N. Rusanova (1959) objects to measuring only the diameters of the
shells vhen invest{ ating the growth of barnacles, because the volume

P voa 4
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of the shells with the same length of dismeter may be different. This
is true if bsrnacles that have grown in various conditions of accumu-
lationz are comparei. Therefore, in crder to make my data comperable
to the data of other authcrs, 1 present data on the volume of the
shells in additicn to linear measurements (table 6).

Table 6

The Size of tha Lergest Balanus balanoidss Obtained
from Various Buoys

Size of barnacles | Volume of

Buoy Place on buoy | (length x width x! shells,
height), mm 3
Vorob!yevskiy. . . . . Depth 1 m 19 x18x7 2394
Zhizhginskly . . . . . Underpart 16 x14x9 2016
Yu, Kemskiy. . . . . . Underpart 13.5x12x6 972
Zhizhginskiy . . . . . Water line 15x15x4 900
Bakanskiy. . . . . . . Depth 1 m 12.5x11x5 685
Pur!yemskiy. . . . . . Underpart 13x13x4 76
Tersko~Orlovskiy . . . Underpart 12.5x10.5x5 656
Letne-Orlovskiy. . . . Underpart 12x9x6 648

A. I. Savilov (19%7b) maintains that in favoreble conditionz B, bala-
noides becomes saxually mature in the first year of 1ife. I ound
vell developed gonads in spacies taken from bucys in November -
De~ember.

Balsnus crenatus. The trequency of cccurrence of this species equslsa
£7.2%%0, The species i3 seldom found in exposed portioas of the sea
and irn sreas with warm currents, while 11 gulfs 1t 4s found on all
buoys. Thus, st the estuary of Severnaya Dvina in Dvinsksys guba, B.
grengtus was found on all buoys, whereas on buoys A, B, and B, anchor-
23 1n the en*rance o the gulf, alwost in the upen sea, the species
was 1ot observed. 2B, crenatus was not observed ox buoys Avariynyy and
Sambaludskiy, which were anchored at the entrance to me:hskaya guba,
hut on tha other buoys anchored in the gulf it was found everywhere.
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In comparison with B, balanojides, B, crenatus does not tolerate a rap-
id current; but it 1z less sensitive to decreased salinity. The tests
carried out by Barnes (1953) show that the larvae of B, crepatus toler-
ated low salinities to 159/co. E. M. Kreps (1925) established that

the critical minimm salinity for the species 18 4% oo, below which a
normal existence i1s not possible. This species is oonsiderably more

cryophilic than B, balanocides.

In marine fouling orn buoys anchored in Novaya Zemlya and Pechorskaya
guba areas, orly B, crenatus was found.

The size of the :rmacles found or buoys appeared to be very consider-
able, In cases when, because of the absence of accumulation, tho bar-
nacles had a conical form, the carino-rostral diameter of 3, crenatus
reached the length of 25 mm gt 1ts base. The largest barnacles were
observed in protected placss of Onezhskaya guba, on buoy Pur'yemskiy,
in Kandalskshskiy zaliv, on buoy Tsar'-banka, at o. Zhighgin, and at
Severcdvinsk in the protected section of Dvinskays guba. In the
Novaya Zemlya area the settlements of B, crenatus were crowded; the
length reached at a small diameter of 3-5mm was 30 mm; the same was
obsorved in the entrance to Pechorskays guba, but ihe degree of accu-
mulation here was smaller; therafore the base diameter of barnacles
ranged from 2 to 11 mm and height from 10 to 11 mm; in this, es well
as in other cases, the buoys had been staying in the water only four
and one~half months.

Such a repid growth was not unusual for B, crepatus. According to data
by Pyefinch (1943), along the coast of Great 3ritain B, crepatus
reaches the length of 20-22 mm in three to four months, and the April
settlers may produce larvee in July.

B. crenatus found on the hulls of cutters navigating in the Vliadivo-
stok area irom May through December reached the diameter of 24-28 rm
(Tarasov and Zevina, 1957). Acccrding to Cespers (1952), the berra-
cles of this species found on buoys in the estuary of the Elbe reachsd
the length of 22 mm in a year.

On the greater part of the tuoys anchorsd in the White Sea, B, crenatus

wa3 found in small quantities; only on btuoy Pur'yemskiy did the number
of the species reach 1300 ind/m2, the biomass beiag 1160 g/m?, but on
buoy No. 12 at Severodvinsk, the magnitudes were 7600 ind/m? and 2950
g/m?, respectively. In Pechorskaya guba the quantity of B, crepst

was greater, reaching 28,300 ind/m?, the biomass being 1500 gjig. A
somewvhat greater amount of barnacles was found on buoys in Novaya
Zsmlya area,.

P
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On the buoys of the White Sea the blomass of B, crenatus i1s consider-
ably smaller than the biomass of the species at Seattle, where the
quantity of biomass reazhed 20 kg/m? in 10 months.

B. balanus was found only once {2 ind., 10-12 mm long) on buoy Tsar'-
banka in Kandalakshskiy zaliv. According to H. Barnes e=d M. Barnes
(1954), B, balanus in the Clyde area reaches the lengih or 10 mm at
the end of the first year, 20 mm &t the end of the second year, and
25-30 mm in the third year. Their nauplii do not tolerate a salinity
below 21-24°/0o (Barnes, 1953), therefore this species is not found
in the sstuaries of rivers. Evidently, this circumstance also pre-
vents the settlement ¢f B, balanus on the hulls of vessels, because
they settle, as a rule, in ports, but the greater part of large ports
in the north ars located in the estuaries of rivers.

Verruca stroemla was found only on buoys Belyayevskly and Zhuzhmuyskly /65
in Upezhskaya guba. On buoy Zhuzhmuyskiy only a few V., stroemia were
found setting on mytilids. Their quantity was substantially greater
on buoy Belyayevskiy. They were adhering to the metal parts of the
buoy and on mytiiids at a depth of 3-5 m. The length of the observed
specimens was 2-3 rm. According to data by Kuznetsov (1960), a mass
occupation of larvae in Cnezhskays guba begins in September. If the
V. stroemia individuals found by me had occupied the buoy in September,
there is little wonder that their length in November did not exceed

3 mm. Barnes (1958) studylng the growth of the species along the
coast of Great Britain waintains that the species reaches its maxi-
mm 3ize from the beginning of spring to the beginning of winter.

E. F. Gur'yanova (1957) maintains that V, siroemia forms settlements
only in calm sea areas and does not tclerate low salinity. Thus, the
author explains the absence of V, stroemia in Mezenskays guba, although
it forms dense colonies in the Gorlo of the White Sea. Evidently, the
species was no!t found among foulers on buoys anchored in the Gorlo for
the reason that it leaves here at e depth of 10-50 m,

Generally, V, stroemjia is ralatively seldom found amonz foulers on hy-
drotechnical struotures. According to an Americaen compilation (Marine
Fouling and Its Prevantion, 1957 ¥ ), the species was only observed

once on buoys and never on other hydrotechnical structures or vessels.

t Translation date, English to Russian. (Editor's note.)
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Mytilus edulis. On the basis of frequency of occurrence (64.4°/o) on
buoys of the White Sea, mytilids occupied the second place. Their
settlements were limited mainly by the velocity of the current. There-
fore, on buoys anchored in the Gorlo and Voronka, the mytilids were

not found, n =ome of the buoys anchored in exposed parts of the sea
and its gulfs, the species was either absent (on buoys B and I’ in Dvin-
skaya guba, on buoys Pushlakhotskiy, Bakenskiy, Lysmitskiy, V. Kemskiy,
and Zhuzhmuyskiy in Onezhskaya guba, and on buoys of the Chisha River
in Mezenskaya guba), or their quantity was limited and their sizes
were smaller than in the protected areas of gulfs (table 7).

Table 7
The Quantity and Maximum Size of Mytilus edulis Found on Buoys
(vnder part of the buoys) in the White Sea
Number Biomass, Size,
Buoys ind/mz, g/'m2 m
Open Parts of the Sea
Ac-ooooc.ooo-oo..oo 4,000 ” 2
6 L] . L J L[] * L L L[] L] L] L ] . L] . L L] * [ ] 25’2m m 6
Sambaludskiy. .« . . .« o o 0 00 . e 11,600 1 1
Averiynyy . . 4 ¢ v e v 0 e e e 0 e . 200 1 4
Letne-Orlovskly . . . . « . o« « v ¢ & 1,000 9 1
Yuzhnyy Kemskiy . . « = v ¢ o o & o & 8,500 15 4
Protected Arsas of Qulfs
Vorob'yevsitdly o v ¢ v v ¢ ¢ 0 o 4 o . 290,800 2040 8
Tsar'nbanh............s 1,1(”,000 710 10
Furtyemskiy . . « « ¢« + ¢« ¢« ¢« « « « « | 1,80G,000 1290 3
Kubel'skiy. L] L] L] . L] . L L] . * L [ ] [ ] 2, ”O’mo m 5
Severcivinskiy (anchor} . « « « « « & 20,000 150 18
" No. 2o o v v v 0 v o 900 55 15
" Noe 2. 4 v v v v v o o | 2,202,200 160 9
] NOQBO..-.-... m,m n60 16

w—
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On buoys exposed to currents, the mytilids were found in protected
places, such as cracks and corners, while on bucys anchored in pro-
tected areas of gulfs the species was found all over the surface.

Seldom did mytilids settle on metal parts of buoys; more often did
they cover the fibers of bydroids, as though with beeds. Blok and
Geelen (1958) found that mainly mature specimens are ‘ound on mytilid
banks. For settlements, however, the mytilids prefer objects covered
with fibers because, for development, they require protected niches,
as for 1lnstance, spaces between the branches of stolons of hydroids.
When growing up the mollusks migrate, looking for places suited for
living. On buoys that were covered with hydroids, the conditions for
forming settlements of mytilids were good, provided the current speed
was relatively small, because in such a case they were able to stick
to the stolons of hydroids. In cases when the number of mytilids was
especially great (1-7.8 million 1ind/m?), all of them could not settle
on hydroids and thoy were sticking to one another, forming a soft
loose mass.

The size of mytilids on buoys that had been anchored for 6-6 1/2
months reached 18 mm. Such a growth rate is considered exclusively
high for the north. According to data by Sevilov (1953), *he maximum
size of one-year old mytilids inhabiting the White Sea reaches 9 mm

in the most favorable conditions. In the sublittoral of the East Mur-
manskiy bereg, the accretion of mytilids is 5.5 mm in a season of
growth, but in the 1ittoral the accretion is 3.6 mm (Matveyeva, 19(3).
It is thought that the living conditlous or buoys are exclusively
favorable for mytilids, especially in cases when the buoys are placed
in protected sections of gulfs, where the churning of water is not in-
tense, where a constant exchange of water occurs and the rivers supply
a sufficient amount of nutrients.

Despite the fact that mytilids are rather motile, especially when
young (Blok and Geelen, 1958), 1t is difficult *to assume that the
buoys had been settied by individuals crawling from the bottom onto
the buoys. The chain of buoys 1is constantly moving aloug the bottom
and therefore its lower portion is clear, as if polished. In add.+ion,
if a buoy had been settled by incomers and not by larvae of mollusks,
one could find also larger specimens on buoys, as well as other ani-
mals, For instance, large stars, univalve mollusks, and other creep-
ing, not swimming, specles.

Generally, mytilidc are characterized by a rather rapid rats of growth
in favorable conditions. In warm waters they grow rapidly. In
California they reach 6 mm in two mon‘lis; and 30 mm in five months
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(Graham and Gay, 1945). Even in the German Sea (Mare Germanicum or
North Sea, from Europe to Great Britain), the mytilids reach 24-34 mm
during the first year of life (Havinga, 1929). In the Black Ser, ac-
cording to data by Vorob'yev (1938), mytilida reach 40.2 mm in e
months, and 56 mm in 13 months.

It 1s seen from table 7 that in the exposed portions of the sea, myti-
1ids reach smaller maximum sises than in protected arees. This can be
explained by a smaller Quantity of food available in exposed areas,and
mainly by rapid water moverents and by the churning of water. As
demonstrated by E. F. Gur'yanova, I. G. Zaks, and P. V. Ushakov (1925),
intense churning leads to a1 decrease ir the sigse of shells.

Nudibranches. Almost haly of the Moys were settled by Depdropotus

frondosus (Ascanius)., Few loryfella iineats Loven were found on buoy
Sambaludskiy, where the former spncles cominated.

These mollusks occupied al. of the surface of buoys except for the
algal zone. They are asscciated with tke hydroid O 0

which is eaten by the fcrmer and was numerous on buoys settled by nudi-
branchiates. Possibly ty coincidence, or in connection with competi-
tion for nutrients, nudibranches were not found together with caprel-
lids.

The mean quantity of Depdropotus on tuoys was 200-400 ind/m?, the bio- /67
mass being 20-30 g/m?, which constitutes 1-2°/, of the biomass of

foulers. C(ases were observed when the quantity of the molluske reached
1000-3000 ind/m?, but on the buoy Vorob!yevskiy even 14,000 ind/m2 at

the depth of 4 m, the biomass being 800 g/m?, which made up about half

of the entire biomass of fouling.

Generally, nudibranches - the usual components of fouling - are found
on various hydrotechnical structures Luilt in the water, on test panels,
and, not so often, on vessels, because they are washed off by the mov-
ing water. This also explains the absence of nudibranches in the areas
of the White Sea which are affected by strong tide currents - namely,

in the Gorlo, Voronka, and in Metenskaya gula.

Bryogzoans are rather often found in fouling (33.6°/,), but their bio-
nass is usually small. Only in one case -~ on the vane of buoy Sambe-
ludskiy ~ did the biomass of bryosoans reach 340 g/m?; usually, the
quantity was limited to 0.1-4.0 g/m?. Sometimes bryosoans (Electra
crustulenta) were sticking to the metal surface of buoys or to the
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shells of barnacles and mytilids, but more often they were found on
hydroids (Electra pilosa), whereby their quantity was great.

Owing to their ability to adherse firmly to the surface, the brynzoans
were observed both in protected and exposed areas of the White Sea.
They were not found only in Gorlo, Voronka, and Mezenskaya guba,
probably, for the reason that their larvae ccould not settle on buoys
as a result of great current speeds. E, crugstulenta was found in the
Severodvinsk area (on buoys No. 3, 11, 13, 14, 17, Yakorniy), but E.
pilosa was observed on buoys Belevskiy and Sambaludskiy, and E, pllosa
var. dentata (Ellis et Solander) on buoys Vorob'!yevskiy and Pur!'yem-
skly. The presence of E, crustulenta on buoys in Severodvinsk area
can be explained by a considerable dilution because, according to

M. G. Gostilovskaya (1957), E. crustulenta var. baltica Bord., which
was, evidently, found also in my collections, prefers brackish water
regions. But, possibly, the occurrence of E, plloge is assoclated
with the abundance of hydroids on which this species is found.

Harmothoe imbricata was found on the following buoys: Sambaludskiy,

V. Kemskiy, Belevskiy, Lyaminskiy, and Yakornyy, i.e. in protected and

exposed areas of Onezhskaya guba and Dvinskaya guba. Harmotphoé imbri-

cata was the only species observed on the buoys, also singly; their

biomass was very small, not exceeding 4 g/m?. According to data by

G. S. Slastnikov (19575, H, imbricata occurs very often in Onezhskays
ba, in most of the bilocoenoses, at various depths. M. V. Petrovskaya

%?960) records the presence of larvae of this species in plankton along

the East Murmanskly bereg in July and August. According to data by

the same author, all the processes of development of H. imbrjicata, be-

ginning with a fertilized egg to a young benthic form, lasts for 20-

25 days.

S. A. Mileykovskiy (1959) notes that H, imbricata, inhabiting various
seas, begins to multiply at almost the same water temperaturs.

Gammarellus homari is found on buoys Lyamitskiy, S. Kedovskiy, Zhuzh-
muyskly, Letne-Orlovskly, Averiynyy, and Yu. Kemskily, i.e. in the
Gorlo and the exposed portion of Onezhskiy zaliv - in areas crossed by
rather rapid currents. The quantity of gammarids on buoys reached

400 ind/m<, the biomass being 15 g/m?., Tnese figures have beer pur-
posely reduced many times because the gammarids leave buoyas that are
rajsed. A. I. Bulycheva (1957) found the species in Kandalakshskiy
zaliv, Onezhskaya guba, Mezenskaya guba, and in the basin of the sea,
where the species was observed at depths 0-13 m on various types of
bottom. The finding of G, homari alone on buoys of all the 95 benthic
species of amphipods, noted by A. I. Bulycheva (1957) for the White
Sea, allows us to think tha. this species can swim expertly and hold
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its place in currents. It is possible that also other species of
amphipods had been on the buoys and that they had been washed off or
had left the buoys when they wsre taken out of the water.

Asterias rubens, whose diameter varied from 3 to 15 mm (more often 5-7
mm ) , was found on buoys Belevskly, Tsar'-banka, Vorob'yevskiy, Saxmbu-
ladskiy, No. 1 (in the Severodvinsk area), Pur!yemskiy, and Karel'skiy,
i1.e. on buoys anchored in Onezhskaya guba, Dvinskaya guba, and Kanda-
lakshskiy zaliv, mainly in the protected areas of gulfs. The stars
usually abounded in areas inhabited by small mytilids, which were con-
sumed by the former. Most probably, the larvae of stars had settled on
buoys, developing at a rapid rate because, were the stars able to

climb the anchor chain of buoys, the sizes of stars found on buoys
would have been larger.

Caprella sedovi was found in the following gulfs: Mezenskaya gubs
(buoy Nes'), Dvinskaya guba (buoys in Unskaya guba), and Onezhskaya

guba {buoys Pur'yemskiy and Karel'skiy). They were mainly associated
with small mytilids. Thus, on buwy Unskiy 2, many mytilids lived side
by side with still mznerous caprellids, whereas on the nearby buoy
Unskiy 1, on which the number of mytilids was small, also that of the
caprellids was small. Especially great numbers of caprellids wvere
found on Pur!yemskiy buoy,on which their number reached 23,000 1nd /m?
at a depth of 1 m, the biomass being 350 g/m?. The same sample con-
tained a multitude of small mytilids - as many as 2,500,000 ind/m? -
vhich contrasted against a small number of hydroids - 50 g/m?, although
it seemed that a large number of caprellids had to be found in places
inhabited by hydroids which are used as food by the former. It is pos-
sible that the abundance of caprellids in places inhebited by numerous
mytilids 1s associated with the fact that both of the species react
similarly to the physical conditions of the medium and cannot tolerate
a strong ourrent, for instance, wvhich washes them off the object on
vhich they live.

omia s wvas found on buoys Belevskiy, Yu. Kemskiy, V. Kemskiy,
and Sambaludskiy, all of which had been anchored along the west ooast
of Unezhskaya guba. The size of the mollusks ranged from 2 to 4 mmj;
their forms were either smooth or ribbed, sometimes both togethsr.
The number of pqugmula was small, not more than 4-5 ind. on a buoy.

Lacuna divarjicatg (5L, figcts) was found singly on the following buoys:
Kemskiy, Tsar'-banka, Vorob'yevskiy, Lyamitskiy, Pushlakhotsakiy, and
Zmrhmuyskiy.

([
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Sexicava arctica was found on buoy Tsar'-banka. Its length was 2-5
mm, the number reaching 500 ind/m? and biomass being 0.1 g/m?; inside
the tube of buoy Vorob'yevskiy the numbsr reached 800 ind/m?.

All the observed individuals were small, 3-/ mm long, and toothed.
They were found among a mess of small mytilids and were evidently held
by the byssal fibers of mytilids, as in the case of the dense mytila-
cean foulings in the Caspian Sea (Zevina, 1958).

Algae were collected from part of the buoys, as the greater part of
them were found in ice with the fouling torn off the upper sections.
The distribution of algas over the surface of the buoy was as follows.
The belt along the water line consisted . ainly of diatoms; beneath the
belt, green algae prevailed; beginning with the depth of 1-1.5 m, red
and brown algae gradually increased.

# On buoys found in open weter, the algae were observed to a depth of
34 m;for instance, on buoy Letne-Orlovskiy the biomass of Antitham-
nion floccosum was 190 g/m? and cn buoy Pushlakhotskiy {guba Pushlakh-
ta) 1t was 380 g/m? at the above mentioned depth. Along the water
line the biomass of algae reached 1050 g/m? (buoy Avariynyy), but at
the depth of 1 m it was 1060 g/m? (buoy Zhizhginskiy).

The following species of algae were found:

Water At the depth At the depth
line of 1m of 3-4 m

Green

Uraspora penicilliformis
Petalonla fascia

Ilea zosterifolia
Entermorpha intestinalis
Parasiolla crispat

++I+
+

Red

Antithamnion floccosum + +— +
Polysiphonia nigrescens %

2hepth data are absent.

/69
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Water 1line At the depth
of 1m

Polysiphonia urceolata %
Ceramium rubrua &

Brown

Pylaiella litoralis +

Alaria esculenta +

Alaria grandifolia +
Alaria sp. juv. +
Laminaria saccarina X
Laminaria sp. juv.
Ectocarpus confervoides
Ectocarpus siliculosus
Scytosifon lomentarius
Chordaria flagelliformis

+ + + + +

tDapt.h data are absent.

The following species were found especially often in various parts of

the sea: Urospora penicilliformis, Petalopia fascia, mufuum-
ralls, which is usually found in marine fouling on vessels Z~vina,
1962), and Zctocarpus confervoides.
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G. B. Zevina
CIRRIPEUIANS IN THE FOULING OF THE BLACK SEA

Abstract

Among Cirripedia inhabiting the Black Sea, Balanus improvisus
#nd B, eburneus are found most frequently. (Chthamalus stel-

!atus and Chthamalus depregsus occur less frequently, and
Verruca spengleri very rarely. Sometimes such warm water

forms as B, smphitrite, B. perforatus, B. tiniinnabulum, and
Lepas sunatifera are brought into the Black Sea by the hulls
of ships. Here they may even reproduce in summer, but they
invariably perish in winter. The penetration of Eliminus
modestus into the Black Sea seems quite possible. An identi-
fication table of all these species is given.

The cirripedians found in the Black Sea can be divided into several
groups.

The first group is composed of the cirripedians that are found every-
where in marine fouling and whose biomass 18 as a rule great. This
group consists of Balanus improvisus and B, eburneus, which live on
the hulls of ships, on hydrotechnical structures, stones, cliffs,
shells of mollusks, shells of crabs, etc. (Nikitin, 1947; Dolgopol!
skaya, 1954, 1959). Morphologically, these species are closely re-
lated; they differ only ecologically and, probably, physiologlcally.
B, improvisus inhabits places with stronger currents and turbulencs,
and it can better survive low water temperature than B, eburneus.

The species of the second group are not so often found and thsir
numbsr is smaller. Chthamalus stellatus and Chthamalus depregsus
participate in marine fouling only along the water line and in sub-
littoral belts., I found them among foulers on vessels, but Chtha-
malus stellatus was found by I. V. Starostin in a well of a water

pipe in Novorossiysk. In the littoral zone, g%&hggglgg_ggg;ggggg
lives higher than Chthamalus stejlatus. Polil (1791) described both
of the species, but beginning with Darwin (1854) Chthamalus depres-
sus was considered to be a variant of Chthamalus stellatus. It was
only in 1959 that Utinomi singled out the species again, considerirg
it to be =n independent species Chthamalus depressus in the Mediter-
ranean.
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Up to the present time, only Chthamalus stellatus was considered to
inhabit the Black Sea, but in 1960 the British scientist Southward,
when examining the collections of the Moscow and Leningred museums,
identified Chthamalus depressus (Southward, 1962) in collections of
A. S. Zernov, V., V. Chernyavskiy, and mine obtained in various looca-
tions of the Black Sea.

To the third group we can assign one species — Verruca sperngleri,
which is seldom found in the Black Sea and whose quantity in fouling
is insignificant (Tarasov and Zevina, 1957).

The fourth group consists of thermophilic forms that have been brought
into the Black Sea on the hulls of ships. In summer they sometimes
multiply here, ylelding a new generation; however, in winter they

perish, To this group we can assign Balanus amphitrite hawalensisl,
B. perforatus, as well as some other species such as B, amphitrite,

B, tintinnabulum, Lepas anatifera, etc.

Lastly, the introduction into the Black Sea of Eliminus modestus is /73
completely possible., This species *raveled by vessels from Australia

to the coast of Great Britain during World War II. Here it has not

only become established, but i1s beginning to expand its area. At the
present time, Eliminus modestus ranges along almost all of the Atlantic
coast of Burope. Eliminus modestus inhabits brackish waters (with

salinity exceeding 10-1107005, so that the species can live not only

in the Black Sea, but also in the Caspian Sea. Eliminus modestus

multiplies almoat all year round, and in places that are occupied by

the species it appears to bLe a strong rival of the endemic species.

A table for all cirripedians, which can be found in marine fouling on
vessels and hydrotechnical structures in the Black Sea, 18 presented
below.

16, B. Zevina and N, I. Tarasov (1954) named the subspecies Bal
1620 the

amphitrite commnis, but after a revision made by Utinomi (
subspecies should be called Balanus amphitrite hawaiensis.
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IDENTIFYING TABLE OF CIRRIPEDIAN SPECIES
IN THE BLACK SEA

1(2) Body consists of pedicle and hsad. . . . . . . . .Lepas anati-
fera Linnaeus

2(1) Body is devoid of pedicle and 1s enclosed in a shell of plates

3(4) The plates are asymmetric. . . . . . . .Verruca spengleri Darwin
4L(3) The plates are symmetric

5(8) The rostrum has wings, and labrum with a roundish recess in the
middle

6(7) Mandible with four teeth and small dentates covering the lower
half of the front edge (fig. Ba). Maxilla I has almost a
straight front edge %fig BS6). The bristles on the top of II
pair of legs are roughly indented (fig. Be). . . . Chthamalus
stellatus %Poli)

7(6) Mandible with three teeth and the lower corner covered with
numerous dentates (fig. Ae ). Maxilla I with two small recesses
on the front edge (fig. A¢). The bristles on the top of II
pair of legs are roughly indented (fig. A€¢ ). . . . Chthamalus
depressus (Poli)

8(5) Rostrum has radii, labrum with angular recess in the middle
9(18) The walls of shell consists of six plates

10(11)Plates, the base of shell and radii are intersected with canals
« ¢+« s+ . . Balapus tintinnabulum (Linnaeus)

11(10)Radii are not interesected with csnals

12(15)Shell is not colored

13(14)Radii are narrow, the outer surface of scutum is without radial
delineation. The basal edge of tergum is straight or slightly
concave near the carinal side. Max’1lla I with simple middle
teeth. . . . . . . .. +. ... .. .Balapus irprovisus Darwin

14(13)Radii are wide. Scutum has longitudinal delineations on the
outside. The basal edge of tergum is noticeablely concave from
the carinal side. Maxilla I with serrate middle teeth. . . . .

Balanus eburneus Gould
15(12)Shell 1s colored
16(17)Shell with longitudinal bands. The top of tergum does not have
the shape of bi1l, . . . . . . . . . .Balapus amphitrite Darvin
17(16)Purple shell, but without clearly pronounood longitudinal bands.

The top of tergum is bill-shaped. . .Balagup perforatus Brugulre
18(19)The wall of shell conaists of four platoa . .

............... M&M
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Differences between (nthamalus depressus (A)
and Chthamalus stellatus (5).

a - mandible; ¢ - maxillia; ¢ - bristle of the
last joint of IT pair of legs.
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G. B. Zevina and N, I. Tarasov

THE CIRRIPEDIAN FAUNA (CIRRIPEDIA THORACICA) ALONG THE
CONTINENTAL COAST OF SOUTHEAST ASIA

Report I

Abstraoct

Littoral ard sublittoral Cirripeds of the seas named below,

from the coilections of the Zoological Museum of the Moscow

University and of the Zoological Institute of the Academy of
Sciences of the USSR, were determined.

Only two forms, namely Balanus smphitrite cirratus and B.
amphitrite albicostatus, were foutd in all three seas. The
following species are characteristic for the Yellow Sea:
Chthamalus challengeri, B. amphitrite krugeri, and B. amphi-
trite kondakovi. We can mention no characteristis species
for the Yast China Sea; its fauna of the littoral and sublit-
toral Cirripods seems to be impoverished fauna of the South
China Sea. The South China Sea i3 more abundant in Cirripeds
than the Yellow and East China Seas. There, besides species
common with the East China Ses, were recorded Ibla cumingii,
Chelonibia patula, Chthamalus malayensis, C. withersi, C.
caudatus, Chamaesipho scutelliformis, Tetraclita divisa, and
T. sinensis. All in all, we found 16 species (20 forms) in
the vicinity of the mainland of these seas. Descriptions and
figures are given for the majority of species.

The sea go:ng vessels, including the ones navigating to the south of
our waters, are fouled mainly by cirripedians. Such fouling can often
be considerable., In order to identify the species of crustaceans that
participate in fouling on vessels along the sou‘hsast coast of Asia,
we procissed the collections of the Zoological Museum MGU and of the
Zoological Institute of Academy of Sclences of the Ussr1 , obtained

lwe sincerely thank the collab -u.iors of the Zoological Museum and the
Zoological Institute for placing at our disposal the material. We
express our deep appreciation also to the scientists Dr. Nilsson-Can-
tell and Dr. Utinomi who forwarded %o us their findings. Dr. Utinomi
also delivered to us some species of hthamalus.
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from 1910 to 1960 in the littoral and upper sublittoral belts. For
the time being we did not investigata the spacies that inhabit desper
belts, because they are not found in marine fouling on vessels.

The cirripedians inhabiting the littorai and upper sublittoral belts
of the area have bsen rather thorcughly investigated: 1in the col-
lections that were at our disposal we did not find a single new spe-
cles,

Altogether, 16 species were determined; however, the numher of forms
with subspecies and other variations make up 20. This is not much,
because Utinomi (1955) has identified 16, species and 30 subspecies
(taking into consideration not only shallow wate. but also deep water
forms) for waters surrounding Japan.

Balanus amphitrite cirratus and B hitrite albicostatus inhabit the
entire coastal waters of southeas* Asia: in the Yellow, East China,

and in the northern portion of the South China Seas. These two spe-
cles are most likely to occur in marine fouling on large vesssls.

Oithamalus challengeri, Balanus amphitrite lkriigeri and the related B.
amphitrite kondakcvi appeared to be typical of the Yellow Sea.

Cirripedian species typical of the shallow water fauna of the East
China Sea were not found. A study by Tung-y-Mao and Mao Tselun (1955)
1ists the following cirripedian species for the Choushan Archipelago
of the East China Sea: lepas anatifera, Octolasmis loveni, Balanus
titinnabulum volcano, and Balanus amphitrite communigs; these spec’es

wers not found 4n our material.

In nmddition to species that are common in the East China Ses, the
northern part of the South Cuina Sea was represented by Ipla cumingiil,

welonid tuls, Qthamalus ma gyensis, hthamalus withersi, Chtha-
aalua cauda®us, Chamaesiphc scutelliformis, Tetraclits divisa, and
T. chinynsis. This is undoubledly caused >y the nearnsss of Indo-

Moleyan water: with *heir most copious zarine fauna, where Broch hed
1dentiCied 244 species 57 cirripedians in 1931. BRowever, E. F,
Qur'yanova {1959} nctes that the troplce: fauna of Heinarn Tzla~% is 4n
less favorat.e zonditions than that of Indo-Malaya: waters, bmc:use
rt-term drops in taemperatire to 6-12°C occur in the Halnss aroa.
Pro>abl;r, this 4= the reascn *hat a rela‘!vely s=a'l number of cirri-
pedian spec’es is found 4n the northern portloz of the Scuth Chine See.
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SUPERFAMILY LEPADOMORPHA PILSBRY

Family Scalpell. iae

Tbla cumingll Darwin, 1851; Hoel, 1777; Nilsson-Cantell, 1921; Ibla
sibogae Hoek, 1907.

Pour morphoiogically sound spscimens {femeles) of the species wsre
found in the Haina: area (islands Hsiso-chu and Hsin-yang) vnder
stones slong the water line during the ebb tide on 21 March 1958.

Distributiont Red Sea, Indian Ocean, Indo-Malayan Archipelago (in-
cluding New Guinea), SE tip of Honshu, China (Tarasov, 1938),

tell t (Linnaeus )

Lepas mite)la Linnaeus, 1752; Pillicipes mitella Darwin, 1851; Mitella
mjtella Kruger, 191ls, b; Broch,1922; Tarascv and Zevina, 1957.

The species was found in collections of the East China (Island P'u-%o
Skan cPtutfu-o-Skani in Cho-ishar Archipelago) and South Chins (Nao Chou
and Hainan) Seas.

Distribrition: Indjan, West Pacific.

Family Lenadidae
lepas snoerifers Linraeus
Linnaeus, 1767; Darvin, 1251; Pilsbry, 1907: Tarasov and Zevina, 1957,
Several dosens of large and medium siie specimens were obtained from
fouling or a boat in the East China Sea (Choushar Archipelago) and from
objects cast on the coast of the South China Sea.

stribution: Troplcal and subtropical wuters; is brought into the
warz boreal and southern waters.

Jgtolasmls warvicki) Gray (fig. 1)
Gray, 120%; Nilsson-(antell, 1928, 1934; Broch, 1947.
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The length of head from 2 to 10 mm, and the pedicel from 2 to 11 mm.
Oval-triangular head. The plates occupy about one third of the head
(f1g. 1, A).

The cavity of the tergum is reached by *he upper part of the scutum;
the projecticn of tne tergum is directed somewhat atove the umbilicus
toward the side that is opposite to the carina. The scutum has two
branches; the upper branch bas the shape of a narrow triangle with

Fig. 1. Octolasmis wacwickii, Neo Chau area.

A - external viev. x 5; B - labrum. x 100; B - mandible. x 100;
I - maxilla I, x 100; & - penis. x 20,
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apex projecting downward, but the lowar branch has the shape of a
wide triangle with apex projecting toward the lower part of the upper
branch. The carinal side of the lower branck is concave in large in-
dividuals.

In its lower part, the carina branches so that the upper section
enters the lower as a wedge. The lower section has two forks.

The length of pedicels varies, the length ranging from one-half to one
and one-half the length of the head.

Labrum has a multitude of small teeth (fig. 1,B ). Palps are oval,
slightly sharpened at the end. Their upper part is covered with bris-
tles of medium size, which form long tristles in the end.

Mardibles have four teeth; the lower cormer is stretched in the form of
the fifth small tooth. The surfaces of lower teeth and the lower
corner appear to have doubled indentations (fig. =, B).

Maxillae I have clearly pronounced cavities in the upper one-third, be-
low two large and one small teeth. A group >f tiny teeth lie in the
lower part of the cavity. Four teeth of medium size and =ix or seven
small teeth lie beneath the cavity (fig. 1,7 ).

Maxillae II are broad-lobed and rather densely covered by bristles,
The number of joints in the legs of a specimen whoss head is 2 mm long
are as follows:

I II IIT v v VI

68 —12 1213 1213 1212 1212
67 1012 —13 1213 12 12 1112

The tall appendages are one-segmented, lying somewhat above the basal
joint of the VI pair of legs, cuvered by spines, which are sspeclally
dense and long at the end (fig. 1, X).

The penis is somewhat thick, covered by scattersd short bristles (fig.l,
B).

The species was found three times in our material: 1) on Limulus at
Nmo Chou Island on 11 December 1958: 2) at the same island on 10 Decem-
ber 1958, the object was not pointed cut; 3) Cape T'e-chan, Chan-chien,
on 29 October 1958, on a crab.

/79
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Distribution: from the South China Sea to the Indian Ocean, 1i.s.
Indo-Pacific.

SUPERFAMILY BALANOMORPHA

Family Chthamalidae

Chthamalus challengeri Hoek (fig. 2)

Hoek, 18832; Pilsbry, 1926; Nilsson-Cantell, 1921, 1927; Hiro, 1932,
1939a; Tarasov and Zevina, 1957.

Great similarity with Ch. dalli, inhabiting the continental coast of
the Sea of Japan and to the north of it (Tarasov and Zevina, 1951).
The scutum and tergum in the latter species is extremely variatle, so
that the variations are reminiscent of those of Ch, ggglleg%eri.
Usually, howsver, the tergum of Ch. challengeri lies lower (fig. 2,58 )
than that of Ch, dalli, and the valves of operculum are thicker (fig.
2, A, B). The variability of valves is so great that it is often dif-

ficult to determine which of the species has been found. It 1is possi-
ble that later we shall discover the intermediats forms.

Similarity between the mouths of the two species 1s complete, except
that the serrate pa-t of mandibles in Ch, challengeri is slightly
shorter. However, Hiro (1932) described such variations of mandibles
and maxillae in the species, that this can in no way be considered as
a legible characteristic. The parts of the mouth of Ch. challengeri
are presented in fig, 2, B - XK.

Hiro (1935) states that Ch. dalli differs from Ch, challengeri by a
more compressed form, b, lower parietal ribs and a simple commissure
between the scutum and tergum, as well as by differences in the shapes
of scutum and tergum.

The strong teeth in the lower part of the serrate bristles on the ends
of II pair of legs, which were mentioned by Pilsbry (1916), were not
observed in our specimens. We observed only serrate bristles on the
ends of II pair of legs of exactly the same type as in the Ch. dalli
(see fig. 106 @, Tarasov and Zevina, 1957).

Masses of Ch, challengeri were found in the collection obtained from
the littoral belt of the Yellow Sea (Liita and Ch'ing Tao).

Distribution: Japanese, Indo-China and Malayan waters. Nilsson-Can-
tell (1938) points out that the species lives in the Indian Ocean and
the Red Sea.
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Fig. 2. Chthamalus challeagsri, Liita area.
A - inside of acutum. x 20; & - inside of tergum. x 20; B -

mandible. x 100; F - labrum. x 80; & ~ maxilla I. x 100;
E - maxilla II. x 100; X - palp. x 200,

Chthamalus malsyensis Pilsbry (fig. 3)

Ch. malayensis Pilsbry, 1916; Broch, 1931; Nilsson-Cantell, 19333 Hiro,
1939b; Utinomi, 1954.

Ch. moro Pilsbry, 1516; Broch, 1931; Hiro, 1937a, b.

Ch. challengeri f. krakatauensis Broch, 1931.
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Flat shells of white or pale brown-gray color. In some speclmens
the lower edge is very indented and surrounded by brown color. The
inside of the shell is white. The mantle is dark. The commissures
between the plates are simple.

The scuta and terga are white, smooth, as if polished, and thick. A
small concavity is on the outside of the scutum, which extends along
the closing edge of the upper half of the plate. In the basitergal
corner of the plate lies a noticeable tubercle. The adductor is with-
out crown. The condyle crown and stria are well developed. A small,
yet deep, scar of lateral depression 1s observed. The scar of the
adductor is pronounced (fig. 3, A).

Terga ars broad (fig. 3,8 ). The condyle crown is triangular, has a
large condyle stria. On the scar of the depressor musecle are four
convex and rather long crowns.

Labrum is concave, covered with thin hair; the numerous teeth are
quite visible (fig. 3, B). The mandible has four teeth (fig. 3, & ).

Maxilla T has two large teeth, beneath which are four small teeth,
reaching into a rather deep cavity. Beneath the cavity four to five
pairs of teeth of medium size are seen, then comes one more notice-
able cavity under which a group of thin teeth is seen (fig. 3, E).
Mexdilla II is rounded, almost ball-shsped, with a small cavity in
front Aividing two parts. Both of the parts are covered by bristles
which are especially long on the upper part (fig. 3,1"). The numbers
of joints in the legs are as follows:

I II III v v VI
68 56 1214 1517 16 17 17 19

I and II pairs of legs have a dark pigmentation; III-VI pairs have a
dark pigmentation only along the frontal edge of each joint and in the
upper rear corner. A few thick bristles lile on the end joints of both
branches of the II pair of legs; the upper half of bristles is covered
by two rows of large teeth, reminiscent of grains. Two very large
teeth stand out in the middle of *“e bristles (fig. 3, ¥ ).

Pilsbry (1916), describing the species, points out that the II pair of
legs does not have dented bristles. Utinomi (1954), however, reports
that the individuals of this species colilected in the waters of Tajwan

/81
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Fig. 3. Chthamalus malayensis, San-ya (Hainan).

A - inside of scutum. x 15; 8 - inside of tergum. x 15; B -
labrum. x 100; /° - maxilla II. x 100; A - mandible. x 100;
E - maxilla I. x 100; M - bristle of the top of II pair of

legs. x 700,

have two sizable testh beneath the indented upper part of bristle on /82
the second pair of legs. The VI pair of legs has three pairs of long

and one (fourth) pair of very short hristles on the front part of the

middle joints.
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The greatest width of penis is at the base from where it narrows to-
ward the end, which is covered by scattered bristles,

This species was found on the cliffs and rocky beaches of Taiwan (San-
ya, Mayachnyy &, and Hsin-ching islands) and on Balsaus tintinnabulum
and Tetraclita squasmosa viridis. In May we found specimens contain-
ing eggs in the pallial recess.

Distribution: northeastern part of the Indian Ocean, Indo-Malayan
Archipelsgo, Philippines, Palso and Tajwan, i.e. in the Indian West
Pacific area.

Chthamalus withersi Pilsbry (fig. 4)
Pilsbry, 1916; Nilsson-Cantell, 1921, 1930, 1931; Hiro, 1937a.

The shells are depressed, the carino-rostral diameter being 2-8 mm.
The roof's are wide with streight tops. The commissures between the
scutum and tergum and between the other plates are simple,

The cases are brown; new individuals have darker cases with white
spots or bands stretching from the top of the plates to the base.

The scutum has a dark brown color with a white bend whose width varies
from one irdividual to the other; it extends along the tergai edge;
besides, a very narrow and short, sometimes hardly notice ble, band
extends from the top to the upper concluding edge. The condyle is not
convex; its apex lies almost in the central part of the tergal edge,
from where the sides of the condyle become lower in upward ard down-
ward direction. The crest of the adductor is weakly pronounced. The
scar of the lateral depressor is clearly pronounced. The scar of the
adductor has an oval form and is rather large. According to Pilsbry
(1916), the scutum of Ch, withergi does not have the scars of the ad-
ductor and depressor muscles; however, in the species we had, Lhe scars
were well pronounced (fig. 4, A).

The tergvwm has a dark brovn color with a white band on the scutal side,
which is sometimes very wide, occupying half of the plate or more. On
the inner side, as in the case of the scutum, one can see dotted de-
pressions; sometimes they are also found on the outside. The tergum
has & roundish triangular form, narrowing abruptly toward the lower
part. The tergum is not, however, so narrow as described by Pilsbry
(1916): 1its form is rather reminiscent of that of Ch, malayensis Pils-
bry. Several ribs are on the scar of the muscle of the depressor.

The basal end is almost straight (fig. 4,8).

k) Russianized name, not identified with NIS Gazetteer. Translator.
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The labrum has a small cavity a~d almost 20 to 25 rather sizable

teeth along its edge; five to seven middle teeth are markedly high and
very large, so that they have the form of brief, sharp sticks. Palps
are rectangular with slightly roundish free corners,

The mandible has three teeth,beneath which five to six teeth of aver-
age size are seen; then follow three rather large teeth lying on the
lower corner. Sometimes the upper side of the lower (third) tooth is
indented (fig. 4, /).

Maxilla I has two indantations dividing the front edge into three un-
even parts. The upper part has two large teeth and several small ones;
the middle part has five to six teeth of medium size, and the lower
part, which projects a little forward, has six to eight thin teeth of
medium size (fig. 4, B).

Maxilla IT has two recesses, the parts of plates are not clearly pro-
nounced. The number of Joints in the legs of a specimen of medium
size is as follows:

I II 1III Iv v Vi

68 67 1617 1919 21 22 2323
68 67 1617 1819 22 23 23 23

The bristles of the upper joints of the II pair ¢f legs are serrate,
as in Ch, challengerl. The central joints of the VI pair of legs each
have three pairs of bristles.

The penis is long - not shorter thar the VI pair of legs - narrowing
gradually toward the end.

On the basis of the structure of mandibles and the preser:e of Lbree
pairs of bristles orn the joints of the VI palr of legs, our specimens
are reminiscent of Ch, withersi Pilsbry, differing from

which was also described by Pilsbry (1916); but the form of scutum and
tercum, the presence of clearly noticsable scars of the lateral de-
pressor and adductor on the scutum are reminiscent of Ch, malayensis
Pilsbry,

et
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Fig. 4. Chthamalus withersi, San-ya (Hainan).

A - scutum from inside. x 40; & - tergum from
inside. x 40; B -~ maxilla. x 200; [ - mandi-
tle. x 200.

A large quantity of this species was found on Hainun and Chan-chien, /84,
usually ir. the shells of Balanus amphjitrite albicostatus, but some-

times on piers or on trunks of mangroves.

Chthamalus caudatus Pilsbry (fig. 5)

Chtharalus caudatus Pilsbry, 1°7.6; Nilsson-Cantell, 1921, 1930: Hiro,
1937a.




TRANS-221 118/84

The carino-rostral diameter is ,-7 mm, The color is yellow-brown; the
upper and lateral edges of plates are lighter. The outside c¢ the lat-
eral (parietal) plates is covered with undulating lines marki 2z the
growth. The lower edges of the plates are also undulating. The inside
of the plates is smooth. The radii are weskly pronounced. The rocfs
are well developed, especially on the rostrum and carina. The wings
are covered with orosswise striae (lines of growth), on whiel, 4in turn,
one can see a weakly pronounced longitudinal hatching.
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Fig. 5. (ythamalus caudatus, Hainan.

A - scutum from inside x (0; & - tergum from inside x 40;
B - mandible x 200; I’ - maxilla I. x 200,

The cuter surface of the scitum is thinly lineated with perpendicular
lines of growth. The condyle is roundish and well pronounced. The

&,
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adductor does not have a crest but ths scar of the adductor is rotice-
able. The lower edge of the scutum 1s tortuous (fig. 5, A). The ter-
gum 1s narrow, with well developed crests for tlie fastening of the
depressor muscle (fig. 5, 5). The labrum with a row of rather atrong
teeth is ornamented with hairs. The palps are roundish on the front
end. The mandible hes three teeth and an indented lower corner. Onme
of the two hidden specimers had crenulations on the upper side of 1its
third tooth (fig. 5, B). Maxilla I has two indentations on *the front-
al end, separating three groups of teeth (fig. 5, 7). Maxilla II has
a rounded re: - part and a concave front part. The upper rear part is
covered with long bristles, but on the front sid- are brief thick bris-
tles. The number of joints of legs is as follows:

I II I Iv v X

57 78 911 1213 1314 1414

Individual fur-trimmed bristles grow on the end of I-II pairs of legs;
identical bristles grow on the middle joints of the III pair of legs.
The tail appendages have the length of elmnst 3/4 of the V. pair of
legs; they conaist o 20 to 21 joints, each of whick has several bris-
tles.

Four specimens of this specles were found on a boulder in the Hainan
area (San-ys, Eastern Island, 21iffy and stony littoral, upper hori-
gon) and a rather great number of specimens was found on boulders at
Hsin-ching on 2 May 1972,

Distribution: Philippines, Sumatra, Pisang, Araksvu!l (Palas:), 1.s. in
the Indo-Malayan waters.

Shamaesipho scutelliforzis Jarwin

{e4g. 6 and 7)

Chamaesipho scutellifcrmis IJaruin, 1754; Fischer, 1884,

Shell with a roundish base consis's of a roe” {*wo ‘erga and %wo
scuta), a narro. trapesoldal rcstrum, a *wice wider ~arina, and 'wo,
81111 wider, lateral plates. A1l of the four lateral (parietal’
plates are devoid o pores {canals'., No rad':i exis", bu: all ‘*he
four plates have wings *tha! are especially n>ticeable at "he carina.
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Nearer to the base, the parletal plates have rough and irregular ribs
on the outside. Therefore, the lower end of the shell has a web-footed
or fimbriate form. Four undulated "commissures®™ of the shell are most
peculiar: two on the carina and two on the lateral plates. These

FMg. €. Chamsesipho sgu-
telliformis, Nac chou area.

General ‘lew of the shell
from outside, x 12 {draving
by N. N. Kondakov).

"commissures" begin at the upper part of the shell (a 1ittla below tlLs
opening in the roof) with oval open’ngs or, as Darwin puts it, tubes.
These _penings in ‘he lataral plates are somewhat lerger than in the
carina. The long axes of the openings are arranged in radis. direc-
~icons.,

The openings and their continuations are markod already on young spec- /86
‘mens in the orx of undula*ing commissures; soon they become well
pronowiced frem ‘he outsicde, and eapocial’v from the inside ~f the

shall (fig. ¢, ereat!ng a misleading L:pression that the latter con-
alnte 2 gy, and no*t four, platee. Hysever, four siraight esctual
c mmin-ires ex*end -~ the openiny in tne roof, which become arely

rottheatle J1th oage,. Darsin assutos toat such a form of thy shell
~hken 1t Clrm despite 1ts thin and ‘ransparent walls.

Pacof aives are ‘ypical of the fam!ily Dnthamslidse (Tig. 7, A, 6,
" xia> 'he cres* 27 the aldductor !s well proncunced i the acu-

at v s dJeeply indented; in the {ndentaions lle sc:v*a; well pro-
; ~ T
cuced ‘eeth [Tig. T, 4 o net fust halrs, as Jerin .. ites., The
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Flg. 7. Chamaesipho scutelliformis, Nao chou area.

A - tergum from outside. x 100; & - tergum from inside. x 100;
B - scutun from inside. x 100; I - maxilla 1. x 200; B - labrum
and palp x 200; E - mandible x 200; }K - maxilla II. x 200.

the lower corner (fig. 7, E).

bristles at the end of the palps are long. The mandible has four
teeth, beneath which extends a spiny edge with one or two teeth in
Maxilla T has two large upper teeth,

several smaller ones in the middle, and on the lower angle a group of
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thin teeth that are still shorter (fig. 7,7 ). Maxilla II has two
clearly pronounced sections (fig. 7,K). The number of joints of legs
is as follows:

I II 1III Iv v VI
56 55 911 41 1414 1515

The branches of the first pair of legs are or unequal length, as in
the case of the II pair in which the inequality is smaller. The bris-
tles of the last and basal joints of the pairs of legs are pinnate,
which, of course, makes possible the catching of minute peridinians,
chrysomonadins, coccolithophorids, and other nannoplankton.

Darwin found "developed™ larvae svan in small specimens, which was not
observed by us, possibly, for the reason that the samples had been
collected during the winter monsoon.

Small specimens of the spesies (abcut 3 mm in diameter and 2 mm in
height) were observed in rather great numbers on plates of Mitella
mitella cbtained at Nec chou and Hainan (Mayachnyy X¥Island) and cn
boulders at Hainar (San-ya, Easter Island, also called: Niu-Hsin Tao),
and at Hsin-ch'ing.

Darwin, who first described the species, found it ¢= Mitella "probably
of the China seas™ and namad it "“scutelliformis™, te.ause the shell
was reminiscent of the contours of shells of the flat sea urchin Scu-
tellum. Fischer points out that Ch, scutelljiformis was found in ths
area of the Pacific group of the New Caledonia islands.

Family Balanidae

Balanus tintinpabulum tintinpabulup (Lirnaeus)
(rig. 8)
Lepas tintinnabulum Linnaeus, 1758,

Balgnus tintinnabulux var. communis Darwin, 1854; Balanus tintinpabulum
tintinpabulum Pilsbry, 19163 Hiro, 1939b; Tarasov and Zevina, 1957.

tA Russianized name, no* lentifisi with the NIS Gasetteer. Translator.

| el
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The length of shells that were at our disposal reached 50 mm, the
maximum height being 45 mm. The walls of the shells were densely
covered by hydroids, bryozoans, and sponges. At places, the parie-
tal plates had a dark purple color; at other places they vere almost
dark green with light longitudinal bands. The walls of tas shells
were smooth, The radil were wide with cross hatchings. Short (not
reaching the inside wall) longitudinal septe branch off the outer
wall of the shells; the apices of the septa were covered with numer-
ous crosswise runners. The base was white, smooth inside.

The inside of the scutum and tergum were covered with a dark purple
mentle. The inside of the roof plates was white, at places rosy-
violet., The scutum was wide (fig. 8,5 ). The growth lines were
clearly discernible on the outside of the scutum; sometimes, a wesk
longitudinal contour was observed, The condyle was well pronounced
on the inner side of the plate above the middle line. The scars of
the adductor and lateral depressor were clearly visible.

The tergum is broad and has a triangular form, with a narrow and long
spur (fig. 8, A).

Labrum has two or three teeth on each side of the indentation. The
palps have thinly indented bristles. The mandible has four to six
teeth, sometimes with a double lower correr. Pilsbry (1916) has pre-
sented a drawing of the mandible with four teeth., Sometimes a speci-
men had various numbers of teeth on the mandibles of the right and
left sides. Maxilla I has almost straight front part, on which a pair
of large teeth lie; beneath them one car 3ee =ix pairs of thin middle
teeth; then again a pair of long teeth and several pairs of small
teeth at the lower corner are seen. The maxilla II has & lougitudi-
nal shape and is densely covered with thin indeuted bristles., The
numbers of joints in legs are as follows:

I II I1I IV v VI
19 23 16 22 13 14 44 44 46 47 49 50

The lower joints in I and II pairs of legs are very wide, whermas the
upper joints become sbruptly narrow. The narrowing of the III pair
i= uniform. The middle joints of the VI pair have three large and
one small pair of bristles. The liength of penis oquals thet of the
VI pair of legs. A small tubercle lies at the base of the penis.
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In our case, this form was found on the soastal cliffs of Hainan (20-21
April 1958, Nan-wang-chou; 20 April 1958, Meyachayy (lighthouse) Island,
and 3 December 1959, West Island Hsi-mei-chous).

Fig. 8. Balanug tintinnabulum tintinnabulum,

Hsing-ts'un (Nan-waig-chou).

A - inside of tergum. x 3; & - inside of
scutum. x 3.

Distribution: <found on the hulls of shiaps from the most diverse seas,
including the seas of the USSR. H¥-o (1939b) found this form in the
South China Sea and on Taiwan.

Beisnus tintinnabulum occator Darwin (fig. 9)
Balanus tintinnabulum occator Darwin, 1854; Pilsbry, 1916; Hiro, 1939b.

Sizme: length from 15 to 25 mm; heignt reaching 22 mm., Shells are
viclat-purple, with thin longitudinal lines and wide 13 :ht orosswize
iines Intersecting the plates. The lower part of the siwell s covered
by sharp teeth directad downward. In smaller specimer.s the testh are
gorrespondingly larger. “he radil are wide, with narrow dark and light
bands running crosswise,

The scutum 13 rather nar-ow. On the outside 1t seems that the growth
lines are assembled in folds (fig. 9, A). A well developed condyle
and scars of the adductor and depressor muscles are seen inside (fig.
9. 5). The lcwer hasal edge is not smo>rth, but folded. The tergqum
has the form of a narrow triangle with a bvill-shaped apex. Tha spur
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is long ard narrow (fig. 9, 7). Labrum has two teeth along the sides
of the indentations. Palps are covered by thin indented bristles.
Mandible has five teeth with a double lower corner. Maxilla I has an
almost stralght front edge. Cn the top is a palr of large teeth;
then fcllcws a small cavity and below it are several peirs of medium
size teeth, further one can 3ee again a small cavity, beneath it is
a pair of large teeth, but in the lower corner are several pairs of
small thin teeth. Maxilla II consists of two sections — the upger

Fig. 9. Balanus tintinpabulum cccator, Hsbl.g-ts'un

f 1 Y
{Nan -wang-clhiou .,

A - 2utside of scutum. x 4; & - inside of scutum. x 4;
B - inside of tergum. x 4.

one, whick is rather long and narrow, and the lower cne, which is
reminiscent of a small ball. DBoth of the sections are densaly covered

with 1ightly indented bristlies. The numbers of joinis in legs are as
follows:!

1 I I IV v VI

1317 1013 9 10 3229 2237 -~ 33

The middle joints of the VI pair of legs have two larye pairs and one
small pair of bristles.

The length of penis ejuals the VI pailr of legs; a small horn is at its
base.
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This form was found in the Hainan area (Nan-wang-chou) on coastal

cliffs on 20 April 1958, together with B. tintinnabulum tintinnabulum.

Distrihution: Indo-Pacific, Indian Ocean, and Taiwan. According to
Kolosvary (1950), this is a typical fouler on coral reefs. Utinomi
(1954) found this form on Takara-Jima (Lat. 29° N) and Taiwan (25°),
while the related Balanus tintiunabulum volcano was not found south of
Lat. 31° N,

Balanus amphitrite cirratus Darwin (fig. 10)

Balanys amp! -rite cirratus Darwin, 1854; Weltner, 1897; Gruvel, 1905;
Nilsson-Cantell, 1921; Hiro, 1938; Tarasov and Zevina, 1957,

The shell has a conic form, its color being violet-brown and having at
times almost a bright hue with light and dark longitudinal and cross-
wise bands, which are either weakly or clearly pronounced. The radii
are wide with tapered tops; sometimes dark crosswise bands are seen on
the radii. The color of %the shell:z i3 varlable, the pruusvie reason
for it being the i1llumination of the biotope.

The scutum has the form of an acute angle, on its outside are well
pronounced growth lines and violet longitudinal bands. The violet
color 13 seen within the shell.

The condyle is well developed, reaching almost to the middle of the
edge of the plate. The crest of the adductor i{s uciformly curved and
rather lcng. The scar of the lateral depressor is clearly noticeable
and extended in height. The scar of the adductor iu not so clearly
noticeable (fig. 10, A). The tergum has a rather long and sharp spur.
The growth lines and violet spots are seen on the outside. The basal
edge on the sides of the spur 1s strajght. Several rather long orests
are seen in the spot where the depressor muscla is fastened (fig. 10,
5). The labrum has two to four teeth on each side of the indenta-
tions. The mandivle has three large and two smalier teeth; the latter
are indented (fig. 10, /). Maxilla I has a projecting lower edge
{(fig. 10, B}. The first pair of legs has one branch which is longer
than the other by several jJointa, the outer L:-anch has greatly ex-
tended joints. The II pair of legs has one branch that is slightly
longer than the other; the joints are rather convex, strewn with small
indentations along the inner edge; fascicles of spines lie under the
long bristles on the inner lateral side (fig. 1C, &). The III p dr of
lags has large teeth on the convex sides of the joints, fascicles of
spines lie along the upper edge; three to four rather long spines lis
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Fig. 10. DBalanus amphitrite cirrstus, Chaun-chion (South China Sea).

A - inside of scutum. x 20; § - ineide of tergur. x 20; B ~ maxills
I. z 200; I’ - mandible, x 80; M - middis joint of the II pair of
legs. z 300; E - middie joint of the II1 pair of legs. x 300.
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in the upper rear c¢ .rner of the joint (fig. 10, E). Tue length of the
last pairs of legs 1s equal.

Large quantities of the speciss were found in the Lita, Yang-t'al,

Ch'ing-tao, Chan-chien, and Hainan areas, 1.e. along the entire coast
of China. The species often livea on the shells of mollusks and crabs.

Distrlbution: along the coast of China, the Philippines, Indo-Malayan
Archipelago, and Australia,

Balanus amphitrite albicostatus Pilsbry (fig. 11)

Balanus amphitrite albicostatus Pilsbry, 1916; Nilsson-Cantell, 1921,
19383 Hiro, 1937b, 1938; Tarasov and Zevina, 1957,

The shells have a conic shape and thick walls with wide rhomboidal
openings. The color of the shells is dark purple with white bands;
some of the shells are noticeably corroded and pale as a result. Wuhen
looxing from above on the commissure line botween two scuta, one cau
clearly see its tortuous form in the lower half. The radii and wings
are wide, with slightly tapered tops. In uncorroded specimens ths scu-
twu has g wide violst band on the cutside and violet spots inside, as
is also the casa ol tbc “ergus. The condyle is very clearly pronounced
reaching — or sometimes extending below — the middle of the tergal
odge. The mdductor crest is clearly convex, but nut -rery long. The
cavities of ths adductor and lateral depressor are clearly noticealls.
The upper half of the inner side of the scutum and tergum is hatched
with brief ribs running downward (fig. 11, A).

The tergus has = short and relatively wide spur, ccastituting about 1/3
of the basai edge. The basal edge lies obliquely with respect to the
spur, Four to five crests of the depressor muscle project clearly out-
wvard; the basal edge projects slightly in the spot where the crests
eril. Batwaen this projection av4 the spur ons can, on the straight
ndge, sometimes find smail nrotrusions of tinr ribs covering the inside
of the tergum (fig. 1i, &). The parietal plates cortain csnals with
partitions in the upper part.

The labrum has two to thrse cleariy prcnounced teeih and pubescence
alcng the sides of irndentations (fig. 11, E). The form of palps is
almost guadrangular, vwvith denss pubescence; a row of lcng bristle. ex-
tends in a aligh*ly oblique direction alceng the lower edge; soms of

the bristles (the icng and short ones) are serrate. Mandidle has thres
large teeth and two smallar teeth; the second — fifth teeth are double
or doutle ‘ndented; the lowar correr is sometimes r~undish, at other
times ‘ndented {fig. 11, 7). Maxilla ] has a somewhat projecting lower
third of the frint adge, on which grow iwo large teeth with several
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Pig. 11. us itrite albicos’atus, T'e-—ckan
South China Sea).

A - inside of scuiuum. x 10; § - insije of terpum. x 10; B - maxilla
I. x 30; I' - mandible . x 80; Jl - btristles at the end of Joints in
the III pair of legs. x 500: E ~ labrum. x 80.
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smaller ones bensath the former (fip. 11, B;. Maxille II 43 no‘iceably
extended in length, is densely tomen'ose, par: of the bristles covering
it is serrate. The numbers of joints in legs are as f>llows:

I 1T III IV v 'p¢
1319 1413 1619 30 33 33 33 34 35

I —II pairs have projecting joints. The jolnts of I-III pairs of legs
have serrate bristles, The III pair of legs is often ccvered with
three to seven very large teeth sitting or one side. Not infrejuently,
part of the specimens of this species, which had been obtained simul-
taneously, had bristles with teeth on tha III pair of legs, but the
other part of the specimens did not have such bristles (fig. 11, A),
The middle joints of the VI pair of legs have four pairs of bristles
(according to Pilsbry, 1916, five pairs).

The penis is somewhat shorter than the VI pair of legs, is ring-shaped,
narrowing toward the end; its narrow section is covered with hair. The
number of fascicles of bristles is especially great al the end of the
penis.

The species was abundant in the littoral belt and on stones and cliffs
along the entire Ghina coast. This species has alsc beer obtained in
the Luta, Yang-t'ai, Ch'ing-tao, Choushan Archipelago, Chan—chiern, and
Hainan areas,

Dictribution: the coasts ¢f China, Japan, and the Mediterranean 3ea
(found by Kolcuvary). The species was found on vessels arriiing fron
Japan and Australia (Allen, 193, '

Balanus amphitrite krugeri Nilsson-Cantell

/ . <~ %
ﬂf‘&%- Laly }!-. - 5,’

Nilsson-Cantell, 1932,

The size of *the barnacles ~ariss from 3 to 12 z= 4f the carino-ros-
tral dlameter is considered. Tha shells are brown-red with white
longitudinal bands; some: Lmes the bands are dark, et sther timanc oom-
pletely brigat.

Tha -utside of the scu~um !s slightly concave, and has a vide - .4 dark
long4tudinal band nearer to ‘he tergal margiz. The band is al: ) seen
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from inside. The pronounced condyle lies above the middle of the
plate, which contrasts with a statement by Nilsson-Cantell (1932).
The crest of the adductor is well developed, but it is not very long.
Tne scar of the lateral depressor is noticeable (iig. 12,6 ). The
tergun is curved and has a rather narrow spur, which narrows down-
ward, Deep cavities lie along the sides of the syur. The crests
fastening the depressor are long; their number ranges from five to
six. The inside surface of the tergum is papillate above the crests;
the papillae reach the upper part of the spur (fig. 12, A).

The labrum has four :learly marked teeth on esach side of indentation.
The mendible has five teeth. The third, fourth, and fifth teeth have
additional smaller teeth., Maxilla I has two large upper teeth sitting
on a small projection; beneath it lie four pairs of medium-size teeth,
and further below it 1lie two large teeth on a rather pronounced pro-
Jection; beneath the projection are several small teeth decreasing
downward. The numbers of Joints in legs are as follows:

I II I1I Iv v VI

1419 1515 16 17 26 25 36 34 36 36

The II pair of legs has branches whose length varies, The III pair /94
of legs has large teeth on the ineide of the upper joints. The middlie
Jjoints of the VI pair of legs have three pairs of long bristles and

one short one.

The samples examined by us had been obtained from T!'ien-ching
(T*ang-ku, South cDama Head, the river side, 6 km from the coast.
Littoral on 13 June 1957) and from Yang-t'ai (fouling from a cutter,
thrown on the coast on 29 June 1957).

Distribution: Japan and China.

Balanus amphitrite kondakovi Tarasov
et Zevina

Tarasov und Zevina, 1957.

The species was found on buoys in fromt of the entrance to Port Yingkou,
i.s. in the estuary ~f Taliao Ho-k'ou (Liao Ho-k'ou), in the Liao-tung
gulf of the Yellow Sea,
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Balanus amaryliis Darwin

Darwin, 1854; Hoek, 1913; Pilsbry, 1916; Nilsson-Gantell, 1921;
Stubbings, 1961.

The shells have a conical form, the carino-rostral diameter being 24-
30 mm. The plates have red-yeliow color and they are hatched with
dark-red vertical bands of different width. The base is white. The
radii are narrow, their tops are obliquely truncated.

Fg. 12. Balanus itrite krigeri

Tt'ien-ching, T'ang-ku.

A - inside of targum. x 10; & - inaide
of scutum, x 10.

The outside of the scutum is clearly delireated crosawise and in longi-
tudinal direction. The condyle does not project beyond the tergel
edge; the crest of the adductor is found only in the upper half., The
scars of the adductor and depressor are well-marked.

The outside of the tergum has weak longitudinal lines. The top of the
tergum hus a bill-shaped curvature. The spur is rathsr long and narrow,
slightly widening downward and beirg obliquely truncated.

The labrum has thres clearly noticeable teelh on either side of inden-
tation. The manditle has three¢ large upper teeth and two tubercles re-
placing the lower teeth. The projecting lower 1/, of the front edge of
maxilla I projects forward; on the front edge arw two large teeth; be-
neath them lies a brush of tiny dente, which graduaily decreass. Max-
11la II 1s elongated and densely covered with bristlea. The numbers of

[ 2 Y
H
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Joints in legs are as follnws:

I I 1II v v VI
17 23 17 20 22 23 L4 49 56 €0 59 60

The I-III pairs of legs have mors or less curved joints; the VI pair
of legs has narrow joints with two pairs of long tristles, in the base
of which lie several pairs of slort bristles; the rear half of the
Joints is covered with numerous spines. The psnis has several clusters
of bristles on its end and scattared bristles on the remaining surface.

Two specimens were found on 10 November 1958 at Chan-chien (on reef
Ernan) in the littoral belt, two specimons were found on £ May 1958 at
Hsing-ts'in on Pinna, the depth was nct indlcated, and three specimens
were found in the Ch'ing-tao area et & depth of €-32 mm,

Distribution: Indo-Malayan Archipelago, south Japan and India, east
and northeast Australia, Chine, Ceylon, Zanzibar, Persian Gulf, i.e.
the Indo-West Pacific.

Chelonibia patula (Ranszani)

Coronula patula Rauzani, 1818; Narwir, 18543 Pilsbry, 1916,

The species was found in the South Ch'ra Sea (Chan-chien, Caps Tech-
zhan'sh. Littoral on 29 November 1958). The length of one specimen
was 12 mm, keight 2.5 mn; four Individuals 2-4 mm long were sitting
on the former, Regrettably, the note did not indicate the object
which was occupled by the Chelonibia. This specles is usually found
on crebe nr Liulns.

Distribution: Mediterranear Sea, tropical and suhtropical waters
along the Atlantic coast, Australia, and Japa:..

Tetraclita squamdss viridis Darwia

Tetraclits porosa viridis Derwin, 185(; Borrada‘le, 1900; Kriiger,
1911a, b; Nilsson-Cantell, 1921, 19%), 1931.

Tetraclita squamosa Pilsbry, 1916.
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Tetraclita squamosa viridis Broch, 1922, 1931; Hiro, 1937a; Utinomi,
1954.

The species was abundant in the East China Sea (Choushan Archipelago)
and in the South China Sea (on the littoral at Choushan).

Distribution: Indo-West Pacific; indications o" existence in West
Africa, and in the Panama area.

Tetraclita squamosa japonica Pilsbry, 1916

Tetraclita porosa var. rubesgens Weltner, 1897,

Tetraclita porosa var. pigrescens Kriger, 191la, b,

Tetraclita sausmosa juponica Plisbtry, 1916; Hiro, 1932, 1937a; Tarasov
and Zevina, 1957; Utinomi, 1958.

Tetraclita porosa japonjca Nilsson-Cantell, 1927, 1931, 1932,

The large specimens examined by us corresponded entirely to the decrip-
tion by Pilsbry (1916), whereas the small specimens, which were oftem
found in the same samples and sticking to the large individuals, dif+
fered from the large ones. The younger and smaller the individual, the
more it had teeth on the jointed surface of the scutum; the smaller the
number of rows of pores within the parietal plates, the more noticeable
and larger the hair on the outside along the growth lines of tLs plates,
as well as on the scutum and tergum. Ths large specimens, in which

the carino-rostral diameter exceeded 20 mm, are typical of T, squamoga
Jeponica, but the small individuals correspond to the T, poroga per-
fecta desciibed by Nilsson-Cantell (1931). It is possible that the
last subspecies r—epresents in actuality young I, squamosa japonica

that live in very favorabls conditions, and therefore reach rapidly
large sise and perfect form.

The teeth on the jointed surface of the scutum grow, evidently, with
the development ¢ individuals beginning from tho peak of the plate;
therefore four to five teeth remain in ths lower part of the jointed
surface in nature individuals, while 10 to 12 teeth are on the scuta
of young individuals.
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Tgtrggl%tg gquamosa iapsonica thrive on the littoral of P'ut!o-shan
island) in the Choushan Archipelago, in the East China Sea on 16-18

November 1958,
Distribution: Coast of Japan, Korea, and China,
Tetraclita divisa Nilsson-Cantell (fig. 13)

Nilsson-Cantell, 1921; Hiro, 1939b.

v
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Fig. 13. Tetraclita divisa., Hainan.

A - inside of tergum, x 30; & - inside of soutum. x 30; B -
mandible. x 100; 7 - labrum, x 100; A - mexilla XJ. x i0C;
E - maxilla I. x 100,

The color of shells is pale violet-rose; the plates havs pronoun:ed

longitudinal folds and bristles, whish are espeocially well discermilie

in small individuals. The plates are strewn vith pores srranged in
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three 1o four rows. The walls of shells are very thin, The radil are
wida. The base is webbed. Hiro (1939b) found individuals with thin
calcareous base, but alsc in such a case the central section of the
base was webbed.

The scutum is very much extended. Its middle part is concave from the
outside and somewhat convex from the inside. The adductor eage is not
clearly visible (fig. 13, §).

The tergum has a triangular form with a small roundish spur; five to
six crests are well Pronouncad in the place where the depressor is
fastened (fig. 13, A).

The labrum is slightly concave, has two to thras tubsrcles on each aide

and, in addition, rather dense bristles (fig. 13, 7). Palps are coversd

with pronounced feather-shaped bristles and groups of short bristles.

The mandible has four teeth; the second and third teeth esch have a
small supplementary tooth, but the fourth tooth has two to three sup-
plementary teetn; the lower corner is thin and long, several =mall
teeth are under the corner (fig. 13, B). Maxilla I has a clearly pro-
rounced indentation beneath the two long upper teeth (fig. 13, Eg
Maxilla II consist: of a small convex lower part with several bristles
and has many bristles on ‘he upper part (fig. 13, A). The numbers of
Joints in the legs are as follows:

I II ITT IV '] Vi
6sS 46 8- 7 8
-=- 56 46 (7 911 910

The branches of the I pair of legs are not of the same length. The
bristles on the II and 1II pairs of legs are pinnate.

Four average (to 8 mm long) and numerous small (about 2 mm long) indi-
viduals were found on a bouldsr (6 December 1959, Hainan, Sanya, East
Island or Tung-mei-chou. Littoral).

Distribution: Sumatra, Java, and Taiwan.
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Tetraclita (Tetraclitslla) chinenais
(Nd1sson-Cantel) (fig. 14)

Tetraclita purpursscens chinensis Nilssorn-T-::tell, 1921; Hiro, 1939b.
Tetraclita purpurascens nipponensis Hiro, 1931, 1937a.
Tetraclita chinensis Utinomi, 1954.

The carino-rostral diameter of the individuals ranged from 6 to 12 mm.

The shells were grayish. The outside of the parietal plates was
covered with deep longitudinal wrirkles; the plates did not have holes,
as presented by Nilsson-Cantell (1921) ard Hiro (1939b); it is possi-
ble that the holes were absen® for the reason thst the shells of our
samples were tightly welded together with one another, and many of
tuam were covered by calcareous algas. In younger individuals the
lower edges of the shells were extremely tortuous. The walls of the
shells and roofs were covered with clearly noticeable rows of bristles,
wvhich bad not been pointed out by the earlier investigators. The
walls of the shalls had numerous pores.

The scutum had a deep longitudinal cavity on the outside and a convex
lower part. The adductor crest was long and curved in the middle at
an obtuse angle (fig. 14, A). The tergum was small and had a short
sour, with aix long clear.iy pronounced crests in the place where the
aepressor wus fastened {fig. 14,5 ). The labrum had a shallow cavity,
on each side of which one could see three to four rather large teeth.
The upper part of the labrum had a dense pubescent trimming %;ig. 14,
B). Palps had an oval form. In the front of the palps, one could ob-
serve long bristles; the top of the bristles was covered by several
shorter bristles, many of which were pinnate. On the bottom one could
see several tiny spines arranged in rows (fig. 14, Ej. The mandible
had four ‘eeth, three lower ones of which had supplementary teeth.

The lower edge had the form of &~ acute long tooth; the spu.ce between
the latter and the large fourt: tooth was richly indented; sometimes,
a ;my fifth tooth could be Jetucted beneath the fourth tooth (fig. 14,
¥).

Maxilla I has two large upper teeth; the small teeth lie in the cavity
beneath ths two large teeth, several small and medium~size teeth lie

beneath the cavity; then follow two rather lurge teeth, bensath whiah
one can see five small teeth (fig. 14, /). Maxilla II has two blades.
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On the tergal side of the uppar blade grow several pinnate bristles
(fig. 14, Z). The numbers of joints in the 15gs (in an individual
whose carino-rostral diameter was 12 mm) are as follows:

I I III IV ) VI
6iz 77 6/ 1213 1316 1616

Fig. 14. Tetraclita chinensls, Hsing-ts'um.

A - iaside of scutum. x 15; & - inside of tergum. x 153 B -
labrum, x 100; /~ - maxilla I. x 100; £ - maxilla IT. x 100;
E ~ palp. x 100; M - mandible. x 100.

138/98
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The internal branch of the I pair of legs 1s almost “wice us long as
the external branch. Pinnate bristles grow on the external branches
of the I pair and on both of the branches of the II and III pairs of
legs. Three pairs of bristles cover the middle joints of the VI pair
of legs. The penis is longer than the VI pair of legs; bristles grow
on its end. About 10 specimens were found holding to Balanus tintin-
nabulum on 20 April 1958 at Hsing-tstun (Hainan).

Distribution: Hsiang-kang, Taiwan, and south Jupan (as [ai uuril &3
Sagami-wan).
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I. V., Starostin

MARINE FOULING IN TECHNICAL WATER COWDUITS IN OUR SOUTHERN
SEAS AND SOME OF THE METHODS IN FIGHTING THEM

Abstract

The following forms of mass occurrence were recorded in the
fouling of technicsl water conduits in the southern seas of
the USSR: Lamellibranchiata (Mytilus galloprovincialis,
Mytilaster lineatus, Drelssena polymorpha; Crustacea — Bala-
nus improvisus, B. eburneus; Hydrozoa — Cordylophora caspia,
Perigonimus megas).

With open systems of water intake the development of the
forms listed above depends mainly on the local hydrological
conditions. With closed systems and a very heavy pollution
of sea water by industrial wastes no fouling vhatever was ob-
served in the water piping.

The use of sea water for the ccoling of industrial and power establish-
ments involves more often than not the appearance of marine fouling
within the water supply system. A mass development of fouling dimin-
ishes the capacity of the water supply system, often causing complica-
tions in the operation of the system.

Because of the death or washing of organisms off the walls of pipes a
"biological refusem is formed, which clogs the filters and other parts
of the cooling system, creating a constart threat of obstruction in
the water supply. In such cases the pressure in the system rises, be-
coning critical at times, which may cause a breakdown in the aystem.

Because of this, the filters of the blast and Martin furnaces in metal-
lurgic plants must be frequently cleaned, but the turbo-gemerators in
heating electrical plants must be stopped in order to clean the pipe
plates and oil coolers, whereby in periods when masses of foulers are
torn off the walls of pipes the operation need b. repeated =averal
tines a day. Great inconvenience and difficulties arise when the «on-
densation pipes are cleaned of the soiid shells of mollusks, the re-
moval of which is associated with an increase in the corrosion of non-

ferrous metals. The fouling in technical water pipes may impede the
automation of a development.
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The marine fouling in technical water conduits of the most diverse
undertakings not only creates constant complications in the operation,
the elimination of which is difficult, but also creates condiderable
losses, resulting from nonproductive waste of work, leading to exces-
sive use of fuel and electrical energy.

A1l of whau has been said about the negative role of marine fouling
in technical water condults pertains also to other hydrotechnical
structures in our southern seas.

The fouling of water pipes results from the fact that the larvae of

some sedentary benthic animals occupy and propagate at a rapid rate in
closed operating water supply systems. This biocoenosis of animal

foulers can be considered as a special case of benthic lithophilous

and 1ittoral-philous biocoenoses, which live on artificdal bottoms in
conditions that are different from natural conditions, which leads to

a pauperization of their species composition. The character of mans
activity can affect considerably the formation and development of

fouling. Thus, withr the development of navigation, sowe animal fsulers
have expanded the area inhabited by them to such a degree that they ,
have become cosmopc™itan forms: meanwhile, the pollution of certain /102
sea areas by industrial wastes cannot only pauperize the fouling, but

lead to a complete extermination of the foulers.

At the present time about 20 species of asnimal macrofoulers 1 have been
ldentified in the fouling on technical water condults in our southern
seas, whereby the main species belong to the Mediterranean-Atlantic
fauna, which have at various times and by various means penetrated the
3lack Sea and later the Sea of Azov and the Casplan Sea. The wide pro-
pagation of the specles and their mass developmeit in brackish-water
seas has been furthered, first of all, by their great euryhaline char-
acter and by the absence of predators and competitors in the seas.

1N, I. Tarasov (1959, 1961) lists only five spescies of foulers in our

southern seas, namely: Balanus improvisus, B, eburneus, Mytilus gallo-

provincialis, Mytilaster lineatus, and Cordylophora caspia. Besides,
the author does not consider it useful to include Dreissena polymorpha

and Mercierella enigmatica. This statement is, however, applicable
only with respect to marine fouling on vessels, because Dreissepna poly-
morpha, Mercierella enigmatica, Perigonimus megas, a number of bryo-
zoans, and other invertebtrates are mass forms in some of the water
conduilts,
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It is seen from Table 1 that the occurremce of the foulers has become
almost uniferm in all the southern seas.

Table 1

Occurrence of the Mediterransan-Atlantic Invertebrates in Marine
Foulirg in Technical Water Conduits in Our Southern Seas

Animal Seas &
Black Sea of Casplan
Sea Azov Sea
COELENTERATA
Perigonimus wegas . . . . . . . . + + +
POLYCHAETA
Mercierella enigmatica., . . . . . + + +
MOLLUSCA
Mytilus galloprovinecialls . . . . + + -
Mytilaster lineatus . . . . . . . + + +
CRUSTACEA
Balanus improvisus. . . . . . . . + + +
B, eburneus . . . . . ¢ .+ .« . . + + +
mth&mlua Stellatu.s . L e e e e @ + - -
BRYOQZOA
mWPb&nkia imbl'i(!&ta * s e & o o r + +
Electra crustulenta . . . . . . . + + +

XNo data on fouling in technical water conduits in the Aral
Sea exist.

Of local fauna, only dreissens and cordylophores are found in the foul-
ing of the Azov and Caspian Seas in large numbers, thus constituting a
considerable portion of the fouling biomass.

The blocoenoses of fouling in technical water conduits are, as a rule,
saturated with numerous motile organisms from unicellular forms to
fishes inclusively. The biocoenosis of fouling of water conduits is
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colonized by motile animals, which are casually brought by water cur-
rents in larval or mature forms of development; the major portion of
the foulers only pass through the water pipes, but some become clogged
among foulers. As a result, a large mass of motile animals accumulates,
establishing a rather complex imutual relationship with the biccoenosis
of fouling.

Small motile organisms in marine fouling cannot cause complications in
the operation of a cooling system, but many large forms of ciustaceans
are capable of hampering the opera*inon of the system. For example,
the hnithropano issii tridentatus, when appearing en masse in
water pipes, may clog the filters of a cooling system. At the same
time, the crabs and nudibranchs (Stiliger bellulus) consume 1 :.rge
quantities of hydroidal polyps (Perigopimus megas) in one of the water
conduits in the Sea of Azov, which, undoubtedly, leads to a decrease
in their total biomass (Turpayeva, in this collection of papers).

The mass forms of foulers can belong to one or several groups, forming
the most diverse combinations, which are determined by purely local
conditions. Therefore, in order to forecast the development of foul-
ing and work out effective means t.- fight it in technical wzter conduits
that are built or planned, it is important to know not only the species
composition of fouling in a given water basin, but also the conditions
affecting the formation of marine fouling in various sections of a
given water basin for a long time period (not less than a year), In
addition to its practical significence, the results of such investi-
gations are of great theoretical interest.

FOULING IN WATER QONIUITS IN THE BLACK SEA

The composition of fouling in the Black Sea and the ecology of its
forms have been rather completely discussed in papers by V. P. Vorobf-
yev (1938), S. B. Grinbart (1937a, b, 1938, 1948), S. B. Griabart xnd
G. 1. Konoplev (1948), S. A. Zernmov (1913), V. N, Nikitis (1947}, I. V.
Sharonov (1952), and etc.

The main forms of Hlack Sea foulers are Mytilus galloprovincialis,

! tus, Balanus lmprovisus, B, sburnsus. Depending on
local conditions, organisms of secondary significance are added to
them, such as sea anemones, polychazetes, golden n‘ars, bryoszoans, and
aste.

According to Grinbart (1938, 1948), the fouiing or hydrotechnical
structures in Oddeskiy saliv conaists mainly of mytilids (to 4 kg/m?)
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and barnacles (to 0.13 kg/m?). Membranipora denticilata is almost
always found on the valves of mytilids. The biomass of touling on
test panels reached 6 kg/m? in 16 months, with mytZlids constituting
the main mass (4.5 kg).

The species composition in Sevastopol!skaya bukh.a is considerabl
richer than in Odesskiy zaliv. According to uolgopol'!skaya (1954§,
here we have to add oysters, sea anemones, polych.etes, bryczoans,
etc. to the main forms of fouling - namely, mytilids and barnccles.
Depending on the time of employing the paneis, the total weizht of
marine fouling fluctuates from 58 to 107 kg/mé in a year.

According to observations by Nikitin (1947), the fouling biomass on a
barge that had been staying immobile in Sevastopol!skaya bukhta reached
97.5 kg/m? in five years.

It 1s seen from Table 2 that the settlement of barnacle larvae takes /104
place throughout the year, the most intense occupation being in May-

June, the least intense one in August-September. The settling of

bryozoan larvae occurs from April to December, the peak being reached

in June. The greatest numbers of sea anemones were found in April-

July, the smallest in September-November. The settling of oysters

occurred from June thrpilﬁﬂseptember, but that of polychastes occurred

only in June and August: - the hydroids formed settlements in spring
{(March-May) and in winter (September-January).

The settlement of larvae in Gelendshikskaya bukhta occurs somewhat
differently (Table 3).

With the most important fouler - the barnacle - two periods of settle-
ment are observed: a brief spring period and a veak summer period
which continues, on the average, five months, the maximum intensity
being 66,000 ind/m¢ (per decade rmonths?3) (Nikitin and Turpayeva,
1952). The settlement by mytilids (mainiy Mytilus) also taxes place
in two periods; however, in contrast to Sevastopol'!skaya bukhta, the
intensity of occupation during the spr1n§ period is incomparably
weaker than in the lengthy (seven months) summer-autwmn period. The
greatest intensity of settlemsnt of mytilids was cbserved in June

1960 - namely, 25,000 ind/m? (Petukhova, in this collection of papers).
In the Gelendshik area, bryotoans lepralia have the longest period of
settlement. Their larvae are sbsent only in February-March. The
maximm numbers of larvae are observed in June-July; especially great
numbers of bryosoans (to 32-33,000 ind/m?) were observed in July 1955
and 1956. The other foulers in the given area are insignificant.

k-ammw
3
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The study by T. A. Petukhova (in this collection of papers) presents
data on the settlement by foulers in Novorossiyskaya bukhta, in which
the species composition of larvae of foulers occupying test panels al-
most does not differ from that of larvae in Gelendzhik.

Table 4
The Settlement by Foulers in Novorossiyskaya bukhta (the mean

quantity of larvae occupying 1 m? in a decade from 1960 to 1961)
(according to data by Petukhova, in this collection of papers)

Months
Organisms
VI VII VIII IX
Balanus . . . . . . 28,600 4260 900 880
Mytilidae . . . . . 310 51,000 29,880 4,940
Lepralia. . . . . . 70 190 820 0
Mmmbranipora. . . . 6,000 2,160 1,64C 4,820
Botryllus . . . . . 1,140 9,680 | 12,040 6,177
Hydroidea . . . . . . . 370 0 2,270 18,730
Polychaeta s~4, . . 0 190 5,510 1,020

As seen from Table 4, the main forms in this area were barnacles and
mytil{ds. Here, in comparison with Gelendzhikskaya bukhta, the quan-~
tity of gold-stars and membranipores was greater, while the quantity
of lepralians was considerably smaller. The total intensity of occu-
pution by larvae was considerably higher than in Gelendznikskaya
bukhta. Thus, during the_four summer months (June-September) of 1960,
9C,J3J larvae occupied 1lz< of a panel in Gelendzhikskaya bukhta, and
310,302 larvae in Novorossiyskaya bukhta. An especially great influ-
ence on the intensity of settlement by the larvae of fouling organisms
in the Gelendzhik and Novorossiysk areas is excerised by the wind and
temperature. The northeasterly winds can delay, or completely inter-
rupt the settlement by larvae if they persist.

Despite the abundance and a wide distribution of foulers in the Hlack
Sea, the fouling in technical water conduits may be practically absent
cn the basis of a number of reasons. Thus, when I was investigating
the water pipes a* four various points in the Biaci Sea, the mass
settlements were observed only at twe of the points. In one cass, the
absence of Touling was explained by the fact thal only in the summer
months did ‘he sea water flow into the water pipes in addition to the
fresh water. Na‘urally, a considerable dilution of sea vater precluded
the possiltility of se'tlemernt and the development of larvae of marine
foulers. In another case, the fouling in the water pipes vas insigni-
icant because o a peculiar closed structure of water intakes
(Xudryavtsev, 194¢; Leshchewv, 1353},




TRANS-221 150/106

The hydrobiological investigation of the giver water intake of water
conduits, which was carried out in 1961, demonstreted that Chthamalus
stellatus, Balgnus improvisus, and Mytilaster lineatus develop in very
small amounts within the water pipes, while a mass fouling consisting
mairly of mytilids and small amounts of mytilaceans and barnacles was
observed in the adjacent areas, The causes for such a weak develop-
ment of fouling in the given water conduits will be discussed later
(see page 120). Of considerable interest is the finding of Chthamalus
gtellatus in a closed water condult, where they live in complete dark-
ness. According to data by N. I. Tarasov and G. B. Zevina (1957), this
specles is extremely "solariphilic®.

In other water conduits, in which the water intake system is open, the
main foulers with respect to numbers and biomuss ‘ere lus gallo-
provincialis, Mytilaster lineatus, Balanus improvisus, B, eburneus.

The other species were of secondary significance, as for instance Cordy-
lophora caspia, Bougajinvillis ramosa, Gonothyrea boveni, Actinia eguina,

Merciereila enigmatica, Ascidjella dispersa, Botryllus schlosgeri, and
bryozoans.

FOULING IN WATER CONDUITS IN THE SEA OF AZOV

In contrast to the other southern seas of ours, the fouling in the Sea
of Asov in general, ard on hydrotechnical structures in particular (ex-
cept for vessels), has remained 1ittle investigated up to the present
times. The data collected by E. M. Lebedev (1961) concerning the marins
fouling on vessels navigating in the Sea of Azov, in connection with
their specific utilizetion, only partly reflects the nature of fouling
in this water basin. In order to characterize the fouling in the Sea
of Asov, the most complete material can be gained by observations on
stationary objects (first of all, nydrographic enclosures) located in
the most diverse spots.

The study of marine fouling in the Ssa of Azov can lend important data
algo for the reason that *he salinity of ‘he western part of the sea 1s
17.5%/60, that of the central part is 10-11°/0c, and that of the east-
ern part i1s only 1-2°/0o. In addition, there are ultrahaline areas.
Such differences in the salinity of the various areas are responsible
for the presence of brackish and euryhaline forms of foulers i~ the
Sea of Asov. Sharp temperature variations durirg the year (from C.2

to 31.7°) determine the presence of eurythermal forms in the Sea of
Agov, while the shoal water precludes the presence of abyssal forms.
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In 1960-1961 I worked together with associates of the laboratory of
Oceanology of the Academy of Sciences of the USSR - namely, with E. P.
Turpayeva, Yu. E. Permitin, and R. S. Simkina. We succeeded in
carrying out investigations of technical water conduits located in
three areas of the Sea of Azov having different salinities - namely,
in the areas of Kerch'!', Zhdanov, and Taganrog. The technical water
conduits located in thes Zhdanov area - namely, in the western sector
of Taganrogskiy zaliv - where the salinity varies from 8 to 9°/oo
were subjected to the most thorough and comprehensive investigation.
The investigation of the wster conduits made it possible to find not
only the spscies composition of marine fouling, but to trace also
the variations in the numbers and biomass of the main forms through-
out the length of the water supply system -— beginning from water in-
take structures to the final establishments for the coolirg of water.
As a result new foulers were found in the Sea of Aszov, namely: Peri-
gonimus megas and Stiljgzer bellulus. 1in experimental cornditions we
succeeded in elucidating the influence of sea water having different
salinities on the foulers (Simkina and Turpayeva, “he papers appear
in this collection).

In addition, the dynamics of settlement by mass forms of foulers was,
for the rirst time, investigated in the Sea of Azov (Starostin and
Turpaysva, the papers appear in this collection).

Among the foulers occupying technical water conduits we found the

following sedentary forms: Perironimus magas, Mercjerella enigmatics,
Electra crustulenta, Copgopeum reticulyy, Bowerbanikia imbricata, Myti-

laster lineatus, and Balanus improvisus. Among active motile forms we
identified Stiliger bellulus, Rhjthropanopeus harrisii tridentatus,

Wereis succinea, and Jardium edule. P. megas and B, improvisus consti-

tuted the main forms in marine fo'lding.

P. megas settlements were found allover the water supply aystem. At
places they formed a continual cover, the thicimess of which fluctu-
ated from 1 to 12 cm, whereby in certain spots the length of stolons
reached 20 cm. The biomass of hydroid polyps varied from 0.2 to 10.3
kg/m< at various places in the water pipes. The greateat mass of lLy-
droid polyps (16 kg/m<) was observed on screens; a large quantity of
mud particles was, as a rule, observed among the dense polyp settle-
ments. Thus, in a sampie taken on 20 June 1961, the quantity of mud
reached 12 kg/m?, but the biomass of hydroids amounted to 16 kg/m2.

A pelophilic blocoencsis consis'.ing of round and polychaete worms is
formed in the thick mud layer.
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B, improvisus forms single and multilayer colornies on the walls of
water pipes, their numbers fluctuating from several tens to 30,000
ind/m? and the biomass fluctuating from 0,5 to 5.8 kg/m<.

The number of crabs among the hydroid polyps reached 1500 ind/mZ2,
their biomass varying from 0.1 to 0.5 kg/m¢ in various places of the
water pipes; but on the concrets .mnlis of the water intakes the bio-

mass reached 2 kg/m?. The number of Nereis su equalled 160
ind/m? in 1961, the biomass being 0.0, kg}mz.

The mean total biomass of marine fouling in various places of the
vater supply system equalled 5.2 kg/m<, the minimum being 2.97 kg/m?
and the maximum 12.75 kg/m<.

Table %
Variation of Blomass in Marine Foulir -~ on Water Pipes in 1961
(kg/m?)
Fnd End of July End of August
Animals March MaOf to beginning to beginning
y of August of September
Hydrnids. . . . . 2.7 4.00 4.70 3.47
Barnacles . . . . 1.87 2.96 6.83 5.95
Crabs . . . . .. 0.99 0.09 0.06 0.14
%m . . . * » . 6009 0;10 Oox) 3.';2
Mollusks., . . . . 0.03 0.20 0.2 —
Totals . . . | 4.69% | ~.35 12.10 4.58

*s1c!)

I. is seen from Table 5 *hat the gres‘est magnitude of biommss is

rezched 7 the end of the summer season. In September, wien the ten-
perature c: the walter is 9°C, the cessation of growth of hydroid polyps
and barnacles is usually observed.
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In water pipes that are in constant use one can obssrve partial sspa-
ration of fouling from objects and washing off of animals, which are
carried by the water stream to the filters of cooling systems, where
the other animals (shrimps, young fishes) that pass through the pipes
are added to the former.

Table 6

The Mean Weakly Numbers (ind/m?) and Biomass (kg/m?) of
"Deposit” on Filters in August 1961

Animals Numbers Biomass
Hydroids. . . . . « « + ¢« ¢ « « « —_— 1.44
Hydroids with bryozoans . . . . . . - 0.87
Bryoz-ans . . . . . + ¢ v v 4 . 4 - 0.02
Barnacles . . . . . . ¢ ¢ 2 4 e . 580 0.20
Crabs . & v 4 4 v v h e e e e e e 1900 0.76
WOTS &+ & v ¢ o o o o o o s o ¢ o 200 0.01
Bivalve mollusks, . . . . . . . . . 120 0.03
Shrimps « v ¢ v v ¢ ¢ 4 6 b v e e 190 .02
Young fishes. . . . . « « . . . . . 2855 0.22

Totels . . . . . .. e 4.59 *

»,
(sict)

1L is seen from Table € that a considerable portion of the ®“deposit®
‘s made up o° motile animals, mainly crabs and young fishes. The
partizipation of sedentary animals in the formation of sedirzents de-
pends on the degree ¢ atltachment to the given ~blect and on the

velocity of water mevrement. The barnacles being more strongly attached

ty the objec:s are found i{n considerably smaller amcunts than hydroid
polype in the sedinents on filters. Observations damonstrate that a
continuous 2slcareous laver, consia®ing of barnacles in constantly

operatings water pipes, can resist fur years the rather strong hydro-

dynaxic action.

The mass appearance of hydrcid polyps in the deposiis 1a3 observed in
the sutumn perlod <hen the growth ceases and a gradusl dying sets in,

ag 3 resul' 37 yhich *he tiocmass of fouling decreases c-~nsiderably to-

ward the spring.

- - e e - c—r——— —— -
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In summer *he deposits on filters consist rather frequently only of
crabs and fragments of their carapaces, shed ir the proceass of mecli-

ing.

In 1960 the parcentage of weight of the main forms of marine fouling
in deposits was as follows:

imal Fouling Deposits

Aoinals (water pipes) (filters)
Hydroids . . . . . . 67 65
Barnacles. . . . . . 31 3
Crabs. « « « o « « 2 32

A mess appearance of fishes (young and mature) on filters and screens
occurs in spring, especlielly during the period of strong onshore winds.
Altogether, 24 specles of fishes, 1rcluding 12 commercial species,

have been recorded in the deposits on the screens. In 1940-1961,
fishes constituted 6 to 14°/, of the total bilomass of deposits.

In summer, onshore winds bring a huge quantity of medusae in the area
of the water supply system; the biomass of the forms reached 3 kg/m?
on screans, which cslculated for the entlre ares of the intake screens
amounta te hundreds of kilogrems. In some days the thickness of the
ayer formed by fibers of medusae on the intake screens for the water
supply system reached 1 cm, which diminished greatly the permeability
of the fencing.

During 1960 and 1961, the settlement and dsvelopment of larvel organ~
isms in marine fouling did not occur at a uniform rate (Starostin and
Turpsyeva. in this colle=tion of papersz). In 1960 the settlement of
Jarva of Conopium reticulum and -Boweripankia imbriczia occurred by the
ard of July and the beginning of August. The number of young colonies
of the first speciss reached 60, wut of the sscond species the number
reached several thousands per 1 awd. The settlemsnt by Perigonimus
megas wes continuous itbhroughout July, Auguat, and the first half{ of
September. The B, improvisus began to form ssttlemente in the second
ten-dey period of August: the process ccntinued through the i'irat ten-
day pericud ot September, when the number of young reached 26G ind/ am<,
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Table 7

Calendar Dates of Settlement by the Main Forms of Foulers %

Aninals Months
I|ITjIZII|IVE V VI VIl VIII IX | X XI|XII
1960
P. megas. . . 3.2 1.7 0.9 ] =]=—] —
B. improvisus — 14,6008 5,900 || —
C. reticulum. — {180,000 ~= | ~—]e==] —
B. imbricata. — 50,0000 o= | =—=|w==]|-=
1961
P. meg&s. « » _—l——f —— 15 55 —— 1 —— oo | amme | =
B. improvisus |~—|—| —|—{100] 1,800 100} 91,000 4,000 ==| =] =
B. imbricata. |—je=| ==]=~=] —]15,0001810,000] — —_— |——] -

Yiydroids — 1in g/m2, others — ind/m2. The observations were
launched in July 1960.

In 1961 the settlement by the sbove-mentioned forms was somewhat dif-
ferent - namely:t it occurred in two periods, the spring and the summer-
autumn periods (Tahle 7). The hydroids formed settlements in the last
ten~day perlod of May and the [irst ten-day period of June; then the
process ceased untll the second and third ten-day periods of August.
The mean weight of young P. megas that had established settlements in
the spring reached 0.5 g/am?, but in August the weight was 1.35 g/am2,
The first settlements of barnacles were obssrved only in the first
ten—day period of June. The second settlement (summer-autumn) began

ir the second ten-day period of August and continued until the second
ten-day period of September, inclusively, The settlement formation by
barnacles in 1961 was more intense than in 1960. If in 1960 an average
of 80 larvas occupied 1 am2, in 1961 the number reached about 900,

The settlement by B, imbricata began in the first ten-day period of
July with the total number of 3 to 5 thousand/em<?; but by C, reticulum,
the occupation started in the last ten-day period of August and the
beginning of September (to 80 colonies per 1 am?),
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A comparison between the resultant data on the occupation by foulers
and the data on water temperature in the Zhdanov area shows that the
settlement of larvae in the area occurs at temperatures above 15° C.

If a brief (to one month) submergence of panels enables us to find

the tamperature limits and the season of settlement by larvae, a
longer submergence of panels enables us to find the final result of
development of fouling in a year or a season, and to arrive at data
useful for comparing various periods. If observations are extended in
conditions with a pronounced seasonal character, the development of
marine fouling and the increase in its biomass depend not only on the
temperature {main factor) but also on a number of other associated
ablotic and biotic conditions. Systematic observations on the develop-
ment of fouling on panels that have been in water 1, 3, 6, ard 12
months demonstrated that the main biomass of fouling is formed by
barnacles and hydroid polyps.

Thus, on the panels that had been in water for a year (the summer of
1960 and the winter of 1960/61), the barnacles constituted 80°/ of
the entire bjomass of marine fouling (8 kg/m2), but the hydroids made
up 20°/0; on the panels that had been in water during the winter of
1960/61 and the summer of 1961, é5°/o of the entire biomass (1.72
kg/m?) was made up by hydroids and 35°/o by barnacles. The total bio-
mass was also dissimilar on panels that had been in water for six
months. The smallest biomass was on panels that had been submerged
in the fall of 1960 and were taken out in the spring of 1961; the
greatest biomass (2.7 kg/m2) was found cn panels that had been in the
water during the summer period. The main biomass was formed by barn-
acles on panels that had been in water for three sumrer months; the
biomass reached 4 kg/m? and consisted of 80-95°/¢ of hydroids. The
development of fouling on monthly panels submerged for the summer
period reached 0.3 kg/m?, whereby its greatest part was formed by B.
bankia.

However, when utilizing the listed data, one must account for the fact
that the observations on the development of fouling on experimental
panels can have only a relative significance in forecasting the magni-
tude of biomass in technical water conduits, because other factors are
applicable in this case; first of all, a permanent factor - the water
current. The connection between the magnitude of fouling bilomass and
the current velocity is seen from the following data on variations in
the fouling biomass in various sections of water pipes, which depend
on the current velocity:
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Velocity of water current, m/sec., . . 0.66 0.8-1.2 1.3 2.4
Blomass, Xg/m2. « v v v ¢ 4 o 4 .0 . . 2.85 2.1 2.97-3.28 8.66

Many attempts have been made to determine the velocity of water flow
that limits the settlement and growth of larvae of animal foulers.

The American investigators (Marine Fouling and Its Prevention, 1957 k)
cite a greater current velocity at which settlement and the growth of
the three groups of foulers -— the cirripedians, bryozoans, and hydroid
polyps — may take place. In experimental conditions, the larvee of
B. improvisus occupied the walls of glass tubes at current spesds
ranging from 1.15 to 2 m/sec, but at greater speeds young individuals
about 16 days old were not able to resist the mechanical impact and
were torn off the surface. The greatest speeds at which the barnacles
were able to grow flucutated from 0.5 to 1.35 m/sec. The greatest
speeds at which the normal growth of bryoszoans and hydroid polyps was
possible fluctuated from 0.35 to 1.00 m/sec for the former, and from
0.65 to 1.5 m/sec for the latter. The listed values do not agree with
the experimental data of the American investigators. It i1s possible
that a correction for the roughness of the surface of water pipes has
to be introduced here.

The data obtained by me agree well with the generally recognized fact
that the development of fouling - if all the other conditions are
equal ~ occurs more intensely at a more rapid current. As 1is knowm,
this is explained by the fact that at greater speeds per unlt time the
sedentary or attached organisms receive more food and oxygen. The
Americans themselves list examples: according to data by Hutchins and
Deevey (Marine Fouling and Its Prevention, 1957), the accretion of
mytilids on buoys is directly proportional to the force of tidal cur-
rents.

One of the factors for mass development of marine fouling on technical
water conduits, which lie in the area whers the work is carried out,
can be considered to be the abundance of food for foulers. Thus, near
the water intakes the plankton biomass was 9 g/m3 in May 1961; the
mass decreased ¢o 3 g/m3 in August. However, even in the latter case
several tons of plant and animal plankton passed through the water
conduits in a day. The May plankton was almost exclusively reprssented

by small copepods (Calspnipeda aquae dulcis), constituting at the time
the main food for hydroids and barnacles.

Sinultaneously with the investigation of marine fouling in technical
water conduits, we carried out hydrobiological investications at

Y wte of translation. English to Russian. (Editor's note).
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various closely located points of Taganmrogskiy zaliv and in the nearby
estuary of Kal'mjus.

All of these places are very much polluted at the present time by
household and industrial wastes; however, as seen from the fculing in
technical water conduits, this does not have a negative effect on

animal foulers. But when compared with data of the previous investi-
gators, who were active during the period when the degree of water
pollution was lower, it 1s seen that consideratle changes in the species
composition of marine foulers have occurred.

N. M, Miloslavskaya (1927) and E. A. Poteryayev (1339), who had investi-
gated the fauna of the estuary of Kal'mius, pcinted out only three
species of the animal foulers of that period; namely, Cordylcphora
caspia, llaster lineatus, and Balanus improvisus. A. S. Razumov
(1943a, b;, who 1in 1539 investigated marine fouling ir technical water
conduits, also noted a mass development of C, caspia and B, improvisus.
However, C. caspia was not found in the fouling in technical water con
duits in the Zhdanov area in 1960-1961, and in the fouling on a sector
adjacent to the water intakes. In all probability, Perigonimus megas
in the Zhdanov area was assumed tc be Cordylophora caspia (Simkina, in
this collection of papers), because it is difficult to admit that the
speci?f has completely disappeared from the area during the last 20
years 1,

The investigations conducted by the ccllaborators of the Laboratory of
Technical Biology of the Institute of Oceanolcgy of the Academy of
Sclences of he USSR relative to the foulirg on pilers, concrete struc-
tures and buoys, located at various points near the water intakes of
the gulf, did not disclose the presence of P, megas; small colonies of
the species were found only on the walls of the canal through which the
sea water {lows into the Kal'mins River.

1In the summer of 1961 we found large quantitles of Perigonimus megzas
in technical water conduits in the Kerch' area, and G. B. ’evina
found the species in marine fouiing on vessels navigating in the
Casplan Sea. If the mass development of Perigonimus megas {orces cut
Sordylophcora caspia, the question on the disappearance of the species
in the Zhdanov area will be solved and the opinion expresased here,
concerning the correctress of the previous identifications of Cordy-
lophora caspis by Miloslavskaya, Poteryayewv, and Razumcv, will be
reversed.
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According to data by P. G. Simkina (in tiis collection of papers),
P, megas is a typical euryhaline form which can endure a decrease of
salinity to 2-1°/,0, while the speed of the development of its hy-
dranths decreases 1/ times as disclosed by comparisons with samples
used for verification (8°/00); a salinity exceeding 5°/oco is needed
for a normal development of the species population in natural con-
ditions.

Stiliger bellulus also appeared to be a euryhaline form; according to
E. P. Turpayeva (in this collection of papers), the species tolerates

salinities ranging from 3 to 457/ 0o.

If the western part of Taganrogskiy zaliv in the Zhdanov area lies on
the boundary of the mezohaline zone of the Sea of Azov, the eastern
part in the Taganrog area belongs to the oligohaline zone with respect
to its s=linity (1-2°/00) 1zd faunal composition. The representatives
of the old Caspian rauna (Cordyiophora caspia and Dreissena polymorpha),
which were found in the composition cof fouling in technical water con-
duits located in the Taganrog area, are typical of this zone.

On the basis of hydrological and physical-chemical conditions, Kerchen-
skiy proliv differs considerably from other sections of the Sea cf
Azov. The salinity in the strait fluctuates between 12 and 17.5°%/co.

A ccnstant inflow of Black Sea waters into Kerchenskly proliv and a
relatively high salinity appear to be the determinant factors in the
process of formation and development of fouling.

The samples collected from unused wharves in Kerchenskiy port, which
project far into the strait, contained 20°/o of mature and young
mytilids whose values were covered :ith E, crustulenta; B, improvisus
or~urred singly. The species composition of fouling obtained from a
sunken barge was somswhat different. First of all, numerous golden-
stars and B, improvisus were i. the fouling. The latter was coverad
with a continucus blanket of hydroid polyps, P, megas, the length of
their stolons not exceeding 2-3 cm (without lateral branches). The
number of mytilids was very smali. The quantity of encrusting bryo-
zoans was consideratly smaller thsn that found on vharves. In
addition, individual tubules of M zat were found.

According to data by Lebedev (1961), the marine fouling on vessels
that had been steying in Kerchenskiy proliv for a long time consisted

of the following species: Myt loproviacialis, Mytilaster line-
atus, Balanus jimprovipus, B, eburpeus, Merclerella epigmatice, Copopeun

veticulum, Corophium sp. Ths total weight of animal foul on a
vessel *hat had been staying in the strait for a long time (Seiner
Mchs-2} reached 24.2 kg/m2.

|
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The overall picture of fouling on stationary and mobile objects in
Kerchenskiy proliv is also preserved in fouling in technical water
conduits. But the composition of fouling in various sections of water
conduits is determined by the peculiarities of the structure and the
use of thelr individual sections.

As an example of fouling on water intakes one can consider the trash
racits, which consist of a metal frame and a rough grid, which is peri-
odically cleaned by meci:anical means. The fouling on such trash racks
(Table 8) consisted mainly of golden-stars (Ascidella, Botryllus) and
hydroid polyps (P, megas), which formed thick layers on sections of the
frames. In some places we observed accumulations of mytilids (as long
as 5 cm, as well as young ones). Spots of encrusting bryozoans and
actinians (Actinia equina) were found. Single barnacles were found all
over the surface of the trash racks and on large mytilids and ascidians.
Individual spots of fouling were also found on the metal grids.

When examining the quulita.ive samples, it appeared that numerous tiny
mytilids, ascidians, actinians, and nudibranchiate mollusks covered
the stolons of hydroid polyps. The same composition of fouling was
found on the walls of the intake compartment.

The internal surface of the water supply system is usually cleaned
twice a ysar: by the end of April - the beginning of May, and by the
end of August - the beginning of September.

Table 8

Composition of Fouling on Trash Racks
(quantitative sample taken on 12 June 1961)

Animals Mumbers | Biomass

ind/m? | kg/m?

Hydroids. . . . . . . . « ¢+ o o . - 2.090
Hydroids and bryosocans. . . . . . . . - 9.410
Cortical bryczoans. . . . . . . . . . - 0.052
Ascidians . . . . . . . .. ... .. 1300 2.6
Actinfans . . . . . . . . . .. ... 1200 0.022
Mtilids. . . . . . .o o0 e . e 1000 1.513
Barnacles . . . . . . . . s 4 e s . 100 0.005%

Total . . . . . . .. - 6.707

re R .- - JEEN
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During the investigation the internal wall of one of the water conduit
systems was covered by a uniform fouling, consisting mainly of Peri-
gonimus megas, the length of its stolons being 3-4 cm. Single B.
improvisus, tiny mytilids, ascidians, and actinians were found on
relatively clean and small sections. Also numerous mollusks, crusta-
ceans, and worms were observed among foulers.

Table 9

Composition of Fouling on the Network of Water Conduits
(quantitative sample taken on 12 June 1961)

Numbers | Biomass
Animals 1nd/m2 kg/m2
Hydroids. . . . . c s e e s s e e e - 1.610
Hydroids with bryczoans . . . . . . . - 0.002
Actinians . . . . ¢+ ¢ 4 4 0 . . . . 2001 0.002
Ascidians . . . . . C e e e s e .. 3,700} 0.160
Barnacles . . . . ¢ ¢ ¢« ¢ 0 0 04 e 100] 0.002
Mytilids. . . . . . . . . .. .. . . 3,700 | 0.023
Cardium . . . . . . . . e« « + o o « o | 120,000} 0,126
Syndesmia ovata . . . . . . . . . « . 2,600 | 0,005
Gastropoda. . + ¢« + s 4 0 . e 0o . 10,600 | 0.020
Nereis. . . . . e e s e e e s e e 800 | 0.005
Pleatelmiates . . . . . . . . . .« .+ 100 | 0.002
Nudibraachia. . . . . . . ¢ . . . .. 300} 0.001
Amphipods « . v v . e v e e e .. . 2,000 | 0.002
Total. . « . « v o« « - 1.970 (siet)

#hen analyzing Table 9, one can see that the fouling was in its initial
stege because about I 1/2 months nad passed since the clsaning of the
water pipes: further, the mass settiemsnt of larvas had occurred still
later but no! before the end of April, when the wvater temperature

began to exceed 12° C,

Clogging of the water conduits investigated by us arises not only from
animal foulers btut alsc from plants. The point is that the sector of
the gulf contiguous to the water intakes is intemssly overgrown with
ostera, vhich, during strong storms, appear in huge quantities on the

i
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surface, and are brought into the water supply of the canal and clog
the trash racks. Especlally great clogging 1s made by Zostera in the
fall wvhen the mirute rot, formed as a result of decomposition of the
planta, not only clogs the trash racks but also penetrates in huge
quantities the water supply system, soiling the cooling system.

Table 10

Species Composition of Marine Fouling in Water Conduits in Various
Sections of the Sea of Aszov and the Salinity Range of the Species

Salinity
Kerah! | Zhdanov | Taganrog | range of
Aninals 17.50/00 8-'90/00 1—- 2°/oo apecies,
°/ 00
COELENTERATA
Cordylophora caspia . . . . . - — + 0-35
Perigorirus megas . . . . . . + + — 1-35
Actinia equina. . . . . . . . + - — 1235
POLYCHAETA
Mercierella enigmatica. . . . + + —— 755
BRYOZDA
Conopeum reticulum. . . . . . + —_ - 14—35
Bowerbankia imbricata . . . . + + - 235
Lepralia pallasiana . . . . . + - - 1235
MOLLUSCA
Mytilus galloprovincialis . . - —_ 1035
Mytilaster lineatus . . . . . + + —_ B35
Dreissena polymorpha. . . . . -— -— + 1.-17
CIRRIPEDIA
Balanu.p improvisus., . . . . . + + -— G, 5—=00
TUNICATA
Ascidiella dispersa . . ., . . + — — -—
Botryllus schlosseri. . . . . | + — - 1435
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hs seen from all that has been said 1. this section, the marine fouling
in the Sea of Azov occupies an intermediate status between fouling in
the Black and the Caspian Seas, if the species composition is consid-
erad. The main nucleus of fouling in the Sea of Asov consists of rep-
resentatives of the Mediterranean-Atlantic fauna, characterized by a
wide range of salinity tolerance (Table 10), which enabled them to
become established no* only in the Sea of Agzov but also enter the
Caspian Sea via the Volga-Don Canal. Some of them (Balapus eburneus,
for instance) had passed throurh the Sea of Azov.

MARINE FOULING IN WATER CONDUITS IN THE CASPIAN SEA

Nothing was known about the composition of fouling in technical water
conduits in the Caspian Sea prior to the immigration of representatives
from the Pontic-Azov Basin.

During the period that preceded the penetration of new immigranta into
the Caspian Sea via the Volga-Don Canal, the species composition of
fouling was rather poor, the leadership in numbers and bilomass belong-
ing to the bivalve mollusk Dreissena polymorpha and the hydroid polyp
Cordylophora caspia; all the other foulers occupled a secondary place.
Two of the mentioned forms occurred en masse in the nortkern, less
saline, portion of the sea., But with the appearance of new settlers,
substantizl changes tock place in the composition of fouling in the
Casplan C2a

The firs*t imzigrant into the Caspian Sea was Mytilaster lineatus,
which, as is uassumed, entered the sea on the hulls c¢f vessels that had
beer. transported by railway during the civil war.

The first findings of mytilids were made in 1928 by V. V. Pogachev in
the Apsheronskiy poluostrov area., In the subsequent years, the specles
was observed in great quantily throughout the southern Caspian sector
(Arrol'di, 193°; Brotskaya and Netsengevich, 1941}, occupying also
technizal water conduits; the mytilid fouling assumed such propo-tions
that measures hed tu be *amken to fight them. In 1947 the thickness of
mytilid leyers in water pipes rsached iU em. Abouil 40 tons of myti-
1ids were removed Ly mechanical cleaning of the pipes (Malishevskiy,
1947}, .

o]
et

with the opening in 1954 of navigation in the Volga-Don Canal, the
imrigraticn of the species froz the Pontic-Asov Iasin becare regular,
&

which 1is seen from the “ollowing table {Tabla 11).

v Wy
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Table 11

New Settlers in the Caspian Sea After the Opening of
the Volga-Don Canal

Time of ob-
Animals servation in Author
the Caspian
Balanus improvisus. . . . . . . . . . 1955 Derzhavin, 1956
Sayenkova, 1956
B,eburneus . . . . . . . .. . .. 1 56 Zevina, 1957
Blakfordia virginica. . . . . . . . Logvinenko, 1959
Eiectra crustulenta . . . . e 1958 Zavina, 1959
Rhithropanopeus harrisii h“dexmatt. 1958 Nebol!sira, 1359
Merclerella enigmatica. . . . . e 1960 Zevina, 1961
Perigonirus -egas . . . . . . . . . . 1961 Sevina, 1962

Numerous algae have become tr .nsplanted into the Caspian Sea; some of
them have been so abundant that they have begun to hamper considerably
the ntilization of technicel water condults, cloggil..g thelr trash
racks.

It i3 thought that, the settlexzents of new immicrants in *the CZaspian
Sea will increase durirg the coming vears because of “ouling on the
Caspian veasels that navigete in winter in the 3lack and Mediterranean
3eas, as weil 85 in the Atlantic “cean. DBesides, s “e"erse phenomenon
ma; take place, 1.e. the expori of locsl lJasplaa foilers to cther watler
besins beyoué the 1lix1ts of the Portiec-sazov Berlin, i dditioq to *he
import o.' new imsigrants into the laupian Cea.

Ii the introduction of mv*i{lids alors has grea'ly arfez*ed the fouling /11¢

in the southerm half of ths (asplan Sea, ‘he subsejuen® 1nflow of new
3ettlo:§ is intensifying tha changes, a’fmecting 'he entire sea area

©111 more. All of *hese varialicns hae been ir*es"'a'od in marine
’ouai 1@ On vessols and hydrotechnical atructurss by . Jlevina (1901,
1962} during 19-1-1%01, accocunting for blologicsl and ”n'“ioxo"csl
factors,
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As a result of these investigations, it was estsgblished that the
marine fouling in various areas of the Caspiaa Sea has increased since
the opening of the Volga-Don Canal from 1.5 to 15 times. This in-
crease occurred ma*nly because of mass development of barnaules, the
greatest biomass of which was found on buoys that had been in tne
water for ? montks — namely, 30 kg/m?; together with other fovlers,
the total hiomass reached 43 kg/m2.

Prizr to the opening of the Volga-Don Canal, the fouling in technical
water ccenduits in the southern half of the sea consisted mainly of
mytilids, hydroid polyps, and bryozoans. Thus, in 1951 the water
pipes, supplying water {rom the polluted Bakinskly zaliv {Bakinskuya
bukhta),had been fouled only by bryozoans (Boweroarkia).

In one of the water pipes, carrying water from the open section of *he
sea, 39°/, of the fouling was made up of mytilaceans; in the automa’ic
water pipe their biomass reachiel 9 kg/m?, the thickness of fouling

ing 17 cm; the fouiing in the pressure pipes was somewhat smaller.

In 1961 we repeatediy investigated the water pipes. The composition
of foulirg wes different: in addition to mytilaceans, we found la:ge
quantities of barnacle: (B, impro--;sus), the mass development of which
wes observed in the first years of their appearance in the Caspian
Sea., However, at the present time, in connection with the poliutior
caused by chenical wastes in the sector of the sea that sdjoins the
water intakes, the fouling on weter pipes has begun to decrease.

The fouling on the other water pipe, the water intokes of which are
also lceat ed the sxposed coas® of the sea, bul in clean'r werter,
was richer — 1ts biemass on the walls of the clean water compariment
ejuialled -.% k6/m<, 4.7 kg of Wwhich consis*ed of barnacles, and the
rerncinder w“ hyirolds and bryozoans,

™e investig tion disclosed that the operation of the water supply
system was paired not only by animal fouling tut alse by algae
(Jerazium sp.! which, during *he last year:c, have densely covered
all *he =ifony and cliffy shores adjscent ‘o tre place of water in-
takes. Masses of aigse are torn off *the oblects durling sirong north-
westeriy storms and brouch! into the opcn water suppiy of the canal;
la‘er, the enlre plant accumulation nlogs the tras. rack®. a8 a re-
swit of whick thelr permeability decreases shartly, reaching at times
*he c-ltical point. In addition, small frnssQMNs of algae are brought
in®o the water supply sys'ex.

;‘W&,e:ﬂ«i‘
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Cerapiur sp, alsc represents a growm of rewcomers which has found good
conditions tor mass development in the sea. This alga was first

?otic§d in the Caspian Sea in 1952 by M. S. Kireyeva and T. F. Shchapova
1657).

This fact has to Le taken into consideration when new water intake
structures are planned, especlally in areas where the shores are covered
with boulders ead cliffs.

Inasmuch as the intense pollution in Bakingkly zaliv appears to be an
insurmountable obstacle for the penetration of new settlers, the foul-
ing in technical water conduits in this area has remained unchanged.

A completely different picture of fouling in technical water conduits
was observed in Krasnovods' iy zaliv. If in the autumn of 1955 the
fouling in technierl weter conduits had a clearly pronounced monomor-
phic character (more than 90°/o of the fouling consisted of mytila-
ceans), in the summer of 1956 barnacles (B. sburneus) entered the pic-
ture. In the spring of the same year, when conducting a most tnorough
investigation of Krasnovodsxiy zaliv, we succeeded in finding only one
young specimen u® barnacie, but by the end of September their number

on completely clean new buoys reached 15,000 ind/m?2. They were also
found in large numbers in technical water conduits and in many artifi-
cial basins. In the autumn of 1960, B, improvisus appeared on sone
buoys, but in November Zevina (19613 fourd here single specimens of
polychaetes (Maercierells enigmatica). In exactly ore year the species
increased to suzh a degree thet the hulls of some of the wooden cutters,
iacluding the propellers, wers covered with tubes of polychaetes, which
formed a contirnuous calcareous crust reaching a thicknees of 12.5 cm
and a blomass of about 30 kg/m< (Bogoroditskiy, in this collection of
papers). A similar crust was observed on wharves and occasionally on
the grids of weter intekes.

In addition, single specimens of crabs (Rhithropenopeus harrisii tri-

dentatus) were observed in the summer of 1961 in Krasmovodskiy zaliv;

in the autumn the quantity of the species was extremely great (mainly

young). Also B. improvisus was observed in technical water conduits,

Thus, Balanus eburpeus, B. improvisus, Mercierella enigmatica, Elecirs
crugtulenta, and Rhithropanopeus harrisii tridentatus had found suit-

able conditions in Krasnovodskly zaliv; later, the hydroid poiyp Peri-
gonimus megas jJoined the above-mentioned specles.

/117
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Jwing to its favorable physical-chemical conditions (relatively high
sa’inity, good heating), Krasnovodskiy zaliv can, at present and in
the future, be considered as the main center of concentration and de-
valopment of all new settlers in the Caspian Sea.

But in connection with the development of urban economy, marine trans-
purt, and the pstroleum processing industry the threat of pollutilon ie
real for the gulf. This can be exemplified by the nearby bukhta
Saymoncva, which served for 17 years as a place for the disposal ¢!
industrial waste and, with its typical fauna and flora, has now ceased
to be a natural part of the ses area.

Data on marine fouling in technical water conduits in the northern
half of the Caspian Sea are, for tne time being, absent.

It is seen from the discussion of marine fouling in technical water
conduits that its species composition and biomass are not infrequently
determined by local conditionsj therefore, in addition to an overall
account on fouling in the system of water conduits, it 1is necessary to
organize a number of local, permanent cr temporary, observation points
iIn all the seas of the Soviet Uzion.

Such observation points or posts could give valuable data for broad
theoretical generalizations, and for the plotting of an atlas on the
ecolegy of mass forms of marine fouling.

The plotting of such an atlas on marine fouling would enable the
planning organizations to simplify and economize the investigationel
work associated with finding means to fight the phenomeron in the
marine water conduits that are now built.

MEANS OF PROTECTING TECHNICAL WATER CONDUITS /113
FROM MARINE FOULING

Plans of technical waier conduits to be built on the sea coast must
incorporate provisions for protection trom fouling. Regrettably, this
is seldom done. Usually, the protective means are planned only after
the development of fouling and of coi..siderable obstructions in the
water supply. This causes additional difficulties, because the pre-
verntion of fouling is much simpler and leses dangerous than eliminating

!Mﬂl
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established fouling. The elimination of fouling within the operating
water conduits requires great care, because any sharp action may causs
the death of foulers and their separation from the walls of pipes.

When the flow of water brings them onto the filters of the water supply
system, serious consequences may result,

When selecting the protective meana, one must take into consideration
the hydrobiological peculiarities of a given area and the ecology of
mass forms of fouling. Especial attention must be paid to the dynam-
ics of settlement by larvae of foulers. The elucidation of the pecu~
liarities of the process in various seasons of the year enables us to
work out the most effective and economical means for the protection of
such establishments.

The existing means of fighting marine fouling in technical water con-
duits are extremely diverse. They have been developed along the lines
of mechanical, chemical, thermal, and electrical actions.

The mechanical mesns are the simplest. They consist of periodic clean-
ing of water pipes by hand or with the aid of simple devices. The
manual method is the most primitive method, which requires muca human
work and extreme patience of personnel, and is applicable only in

water pipes whose diameter is sufficlently great.

In individual cases, special means are utilized for mechanical clean-
ing.

Thus, the cleaning of a freely operating water conduit (600 m long)
was carried out with the ald of a hollow cylindrical steel ragbolt
(Malishevskiy, 1948). Thus it was possible to take off the walls of
the water pipe a great quantity of bivalve mollusks {Mytilaster line-
atus). The hole in the cylinder made it possible to clean the water
pipes without interrupting the water supply.

It ic also possible that in the future the hydromechanical method,
developed by the "Uralenergochermet® (Bryzgalova, 1959), will be
spplied.

When using this method the cleaning of water pipes is done with the
aid of an attached ball of a special structure, securing simultaneous-
ly an increased speed of water movement in the clearance epace and a
vibratory removal of fouling from the walls of pipes.
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The general dsficiency of mschanical methods in the cleaning of marine
water conduits is the limitation of their application, especlally in
the system of water supply for industrial undertakings, where the
method secures only a temporary effect.

The chemical methods are based on the application of toxic substances
that destroy the animal foulers.

The toxic substances are applied in the form of solutions or anti-
fouling paints; they are used for the protection of underwater parts
of vessels.

The application of antifouling paints for covering the internal sur- /119
face of water pipes is considered to be economically unsound, because

their effect is of short duration and the process of painting is

complex.

However, some paints, especially the thermoplastic ones, can be suc-
cessfully applied for protection against fouling on the external in-
takes of water supply systems (the trash racks, strainers, etc.).
Thus, in 196C a strainer on one of the factories was painted with
thermoplastic paint No. 86. The experiences during a year demon-
strated that a thermoplastic cover on a strainer prevents entirely
the development of marine fouling on it.

If we consider the fact that the effect of therroplastic paints 1a
preserved for four years, their use is economically justified.

In foreign countries, the protection of water pipes against marine
fouling is achieved by oLlorine, copper sulfate, and pentachlorophe-
nolate sodium.

When chlorinating the water, the amount of 0.5-1.0 mg// of residual
chlorine protects entirely the water pipes from the development of
marine fouling. In the Soviet Union, chlorine was used for the
extermination of slime coatings on the pipes of ocondensers of steam
turbines in the amount of 3.6-5.0 mg// (Bunkin, 1940; Malishevskiy,
1948; Krushel!, 1952, 1955; Ragsumov, 1953a, b).

The method of chlorinating the sea water is wiuely used abroad on the
ocean coasts. The use of chlorine in our inland seas may be econom-
ically inconvenient dus to a high degree of absorption of chlorine by

|
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the water (te 12 mg// in Taganrogskiy zaliv, to 18 mg/{ in Krasnovod-
skiy zaliv, and etc.) and a considerable overexpenditure of chlorine.
Also the transportation conditions and the storage of reserves of
11quid chlorine may present great difficulties.

The use of copper sulfate in the prevention of marine fouling in water
conduits of the Soviet Union was suggested by G. E. Krushel! (1952).
By experimental investigations Krushel' found that Cu 6-7 mg/{ applied
intermittently during one hour intervals would deter foulers for two
days. However, the use of this method requires great care because it
may cause the intensification of corrosion on the internal walls of
water pipes as a result of the creation of a dielectric couple.

The application of the pentachlorphenolate sodium for the fighting of
marine fouling in water pipes may be very promising. The laboratory
tests, conducted in the Soviet Union and abroad (in America and Great
Britain), have demonstrated high toxic properties of the compound.
Thus, the solution of the pentachlor-phenolate sodium having a con-
centration of 0.25 mg/f stops the growth of animals (Iskra et al, in
this collection cf papers). The testing of this solution on hydroids
and barnacles demonstrated that its concentration of 1 mg/{ kills the
animals in three to five days.

When developing measures of fighting the fouling in water conduits,
one must also consider the fact that many of the tested compounds have
a selective toxic characteristic. In this connection, it is possible
that the use of solutions consisting of a mixture of crganic and in-
organic compounds, as for instance, phosporus-oxide, zinc oxide, and
dinitro-orthoeresol oxide of sodium or the derivatives of thiourea and
phenyl ethers would be advisable for the above purposes.

The iafluence on organisms of high temperature, electric current, and
ultrasonic sound can also be considered as physical means of protection
of technical water conduits.

The extermination of marine fouling in technical water conduits by hot

water is, undoubtedly, a very effective and simple method. The lethal /120
temperature for animal organisms of fouling (mollusks, barnacles, and

hydroid polyps) does not exceed 50° C. In tests conducted by Wood

(1955), mytilids 5 cm long perished in 14 hours at the temperature of

42° C, btut smaller specimens - not exceeding 2 cm - perished in 20

hours. In our tests, the mature specimens of Mytilaster lineatus per-

ished en masse at the temperature of 43° C in less than one-half hour;

but at the temperature of 50° C they endured only for one minute. The
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time during which hydroid polyps, crabs, and barnacles perish in
waters of various temperatures is listed in Table 12,

Table 12

The Time During Which Some of the Fouling Organisms Perish When the
Water Temperature is Increased (in tests)

Nunber | Duration | Condition of surviving animals

Tempera- | Animals |of test| of test, | after the test when kept 1 day
ture, °C animals hours in water at 20° C

35 Hydroids 1C20 12 Main mass perished

35 Crabs 20 5 All perished

40 Hydroids 1000 2 " "

40 Crabs 20 1 n n

4o Barnacles 3 6 " "

The washing of water pipes with hot water is not always applicables,
far from 1t, because of the presence of an additional water pipe a
large qQuantity of hot water and the washing of the water pipe with
the reverse current of water are necessary. Not all of the sedentary
fouling organisms that are killed by the hot water fall off the walls
at the same time. In order to accelerate the process of separation of
the animals from the walls of p’ves, mainly mollusks, which stick to
the +alls with the aid of byssal fibers, Lou Kang-hou (1958) proposes
the nse of a 1°/o solution of bleaching powder (calcium hypochlorite
mixture), containing 38.6°/o of active chlorine. This solution, ac-
cording to observations by the author, dissolves byssal fibers of
mytilids in 10 minutes. As a result of such treatment, the mollusks
are separated from the walls of pipe' and can be re=4iiy washed off
by water currents.

The preliminary washing of foulsd water pipes with hot water must be
carried out very carefully and must be followed by a complete cleans-
1ng of water pipes. The plan of subsequent washing must be drafted
in accordance with calendar dates of settlement by larvas of fouling
organisms.

- R . N L e e A A ——— ———
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At the present time, we are conducting tests in the application of
electric screens with an alternating current of 220-380 volts for pro-
tection against marine fouling. The use of such screens is possible
only in the case of small quantities of used water. The larvae pass~
ing through the electric field perish or are temporarily paraiysed.

Investigations are carried out ooncerning the effect of electrodynamic
shock of several tens of thousands of volts on the larvae of fouling
organisms. In the fight against the fouling on vessels ultrasonic
means (Marconi protector) are used in the Soviet Union and abroad. As
to the protection of marine water conduits against fouling, the ultra-
sonic method has not been applied. Only preliminary tests have been
concducted (El'piner, 1948; El'piner and Feygira, 1957). The use of
ultrasonic means against marine fouling on water pipes is limited be-
cause of large quantities of water involved and great speeds of its
movement .

In America, during the last years, the construction of an additional /121
network ol water conduits has been considered when building electrical
staticns, so that one of the water conduits can be switched off during

the operation of the electric station. Such an additional water com-

duit contains water for 7-10 days, during which the foulers are exter-
minated and their remains are washed away with a reverse water curremt,

The protection against marine fouling by the structure of a water in-
take, described by V. Ya. Leshchev {1953) and K. F. Kudryavtsev (1946),
is very promising. A perforated steel concrete pipe about 2 m in
diameter and 60 m long s laid in a bed made of large pleces of marl.
The upper side of the pipe 1lies about 0.5 m below the water level.
Thus, prior to flowing into the pips, the sea water must pass through
a thick drainage system. The authors note that the given water in-
takes secures the passage of 1 w’ of water per second.

The mentioned water intake aystem has operated since 1930. A new
supplementary branch of a freely flowing water conduit having a di-
ameter of 2 m was built in 1948, so that the toial water supply now
reaches 3.5 m3/sec.

As was s)ready mentioned (page 105), the hydrobiological investigations
conducted by us demonstrated the absence of marine fouling inside the
water pipes. The cause of such a phenomenon was elucidated by compar-
ing the plankton samples taken prior to and after the passage of sea
water through the drainage system. It appeared that almost all the
plankton organisms pass through the drainage system, but that their

v
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quantity conalderably decrsasss. Thé plankton biomass in a freely
flowirg water conduit appsared to be meny times smaller than the
plankton biomass in the sea. Such a pauperization of plankton dur-
ing ths filtration of water through the druilnage system is the ceause
that determines the absence of fouling within the water pipes, be-
cause the mass forms of fouling cannot develop dus to lack of food.
According *o data by Lou Kang-hou {1958), a sand filter 3 cm thick
keeps back the larvae of bivalve mollusks and cther fouling organisms.

A closed system of water intakes must find the widest application
when bullding marine water conduits on a small scale. Such a system
protects water eonduits from marine fouling, eliminating sntirely
the gsettlement of larvae and young commercial fishes.
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I. V. Starostin and Yu. E. Permitin

SPECIES COMPOSITION AND QUANTIT*[IVE DEVELOPMENT OF MACROFOULING
IN THE SEA WATER SUPPLY SYST™M OF A METALLURGICAL FACTORY ON TV®
SEA OF ADV

Abstract

Investigations were carried out with regard to the compcsi-
tion and magnitude of foulinz in a system of murine water
piping of a metallurgical plant on the Sea of Azov., The
forms occurring in mas< quantities were Hydroidea — Perigo--
nimus megas, Bryvzoa — Electra crustulenta, Powerbankia
caudata, Crustacea — Balanus improvisus.

The biomass of fouling averaged about 8 kg/m” in the initial
parts of the water cordui*s and 3 kg/m? in the end sections.

The finding of methods to be used in the fight agsinst fouling in sea
water supply systems requires, first of all, the knowledge of the
characteristics of distribution of fouling within the system of sea
water conduits, the knowledge of variations in the species composition,
and tha quantitative distributi~n of fouling organisms by seasons, as
well as the knowledge of dynamics in the settlement and development of
larvae of fouling organisms.

In August 196U and in March-September 19¢1 we carried out a hydrobio-
logical investigation of the pipes of the sea water suppiy system of
a metallurgical factory located on the shores of the Sea of Asov.

Approximately 300 samples were taken “rom the ses water conduit
syster during the investigation. An area 10 x 10 cm in size was
marked on the surface of the fouling. The fouling wes removed from
the area with the ald of a sharp metallic scraper. The fouling was
fixed with 4°/o neutralized formalin.

The juantitative samles of fouling were processed the same way as
the Juanti‘stive samples of denthos.

C g \I,I*i
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SPECIES COMPOSYITION OF FOULING

F. D. Mordnkhay-Boltovskoy (1960) lists 325 fo ms of freely living in-
vertebrate: for the Sea of Azov. V. P. Verok!rev (1949) notes 33
benthos specles., Of them, only eight species w~erse found in fouling on
vessels and hydrotechnical atructures: Cordylophora caspla, Merci-

erella enigmatica, Nerels sp., Balanus improvisus, Balanus eburneus
Mytilus galloprovincizlis, Mytilaster lineatus, and corophiids zLebedev,
1961 .

In 1939, the ccllaborators of the Novorossiysk Biological Station,
under the leadership of E, A. Poteryayev, investigated the feauna end
flora of the area in the Sea of Azo- the. adjoins the factory. Their
samples conlained Cordylophora caspia, Balsnus improvisus, Mytilaster
linestvs, Cardium edule, Nerels sp., Hydrobla ventrosa, and a number
of blun-green algae.

In the technical water condults of the factory, which were lying in
the area, we discovered a slightly different composition of macrofoul-
ing: hydroid polyps (Perigonimus megas), bryozoans (Bowe~bankia sp.)
and electrans (Electra crustulents), polychaetes (Nereis sp.) and
merciere’lans (Mercierella enigmatica), bivalve mollusks (Mytilaster
lineaty  nudibranches (Stiliger bellulus), barnacles (Balanus impro-
visus), crabs (Rhiibropanopeus barrisii cridentatus). Aizae do not
grow on the water pi-~s because of the absence of light.

The absence of merclerelleans snd mytilaceans in the list of Poteryayev
can be explained by the fact that the animals in the nrea live on the
boundary of their habitat. The salinity boundarv of their distribu-
tion runs about 7-8%/oo (Turpayeva, 1961). The salinity of sea water
in the area, according to observations by the hydrometeorological
station, varies from 7 t0 9°/00. Even with a small decrease of salin-
ity, resulting from heavy rains, both of the forms may disappear from
foullng, reappearing again with an increase of salinity. It 1s possi-
ble that the rhithropanopean crab was absent at the time in the Sea of
Azov. As 1s known, it appeared in the Black Sea ahout 20 to 25 years
agc and has Intensely propagated since that time, acquiring new terri-
tories,.

Analogous suppositions can be expressed about the nudibranchiate mol-
lusk Stiliger bellulus, which was for the fiist time observed in the
Sea of Azov as late as in 1960 (Turpayeva, in this collection of

papers).

/125




TRANS-221 179/125

Two suppositions can be expressed about the hydroid polyp Perigonimus
megas, which plays a very significant role in marine fouling on tech-
nical water conduits: namely, that the specles has either appeared

ia the area recently driving Cordylophora caspla completely cut, which
inhabited the area before, or its identification has been incorrect
(Simkina, in this ccllection of papers). The latter case is supported
by the fact that, during the two years of our investigntion, we did not
find C. caspia either in water conduits or on screen structures, or
during the investigation of the gulf.

The investigation conducted by us demonstrated that the main fouling
animals, occupying the sea water pipes of the factory, are hydroids
{Perigonimug), bryozoans (Bowerbankia). and barnacles.

Colonies of hydrold polyps were found along almost the entire water
supply system, except for the end sections of the conduits, Often

the animals form a continuous cover in the water conduits, the thick-
ness of the layer ranging from 1-2 tc 8-12 ¢w. The length of individ-
ual stolons of hydroids in some sections reaches 20 cm.

The multiplication of hydroids in the system of sea water conduits is
schieved by asexual and sexual reproduction. The settlement by hy-
droid larvae in the factory area occurs during the entire summer when
temperatures are above 15° C. Two peaks of settlements are observed:
in April-May and in July-August (Starostin and Turpayeva, in this
collection of papers). Asexusl reproduction occurs by gemmation and
the fastening of separated parts of stolons to objects at temperatures
exceeding 10° C,

In natural conditions (in gulfs, on wharves, stones, and submerged
objects in the sea, as well as on piers), a mass settlement of hydroids
was not observed.

Another mass form in the water conduits of the factory was B, impro-
visus. In the water conduit networks and in its individusl sections,
the barnacles form settlements consisting of one or many layers which
blanket the internal surface of the water conduits. After the dealh

of barnacles their external calcareous skeletons remain fastened for

a long time; the skeletons appear to be an ideal object for hydroids,
bryozoans, and other fouling organisms. In various sectors of the
water supply system, one can observe settlements of barnmacles reaching
30,000 individusls per 1 m? of surface. The barmacles grow only during
summer when the water temperature is above 10° C. If the water temper-
ature is bhelow 1° C, the growth of barnacles ceases (Turpayevu and
Simkira, 1961). The planktonic larvae of barnmacles float in water

oo
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three to four weeks and can, duriang this time, be transferred by cur-
rents over very great distances. We found "arnacle colonies in the
most remote sections of the sea water supply system of the factory;
namely, at distances of 2-4 km from the water intskes.

There are two periods of settlement by the larvae of barnacles in the
Sea of Azov - the spring and summer periods, The relative and abso-
lute intensities of settlement may vary greatly during the periods in
various years. If the settlement is intense the number or young
barnacles, occupying their areas in 10 days, in the arsa of water in-
takes may reach tems of thousands of specimens per 1 m? (Starostin
and Turpayeva, in this collection of work).

Thus, in the second half of August 1960, the quantity of young barn-
acles that had occupied their living area on glass plates, reached
30,000 per 1 m? in 10 days.

The investigation of the gulf and the buckets of water intakes, which
adjoin the intake structure, demonstrated that in natural conditions
barnacles appear to bs the main fouling animals, Their mass settle-
ments were found on boulders, piers, and various objects submerged in
the a. These were dense, usually, one-layer colonies of animals
(the diameter of the base of one individual was 4-8 mm), the density
being about 10,000 individuals per 1 m<.

In contrast to water pipes, where hydroids and bowerbankian bryozoas
form the main fouling mass, the hydroids are not mass inhabitants in
the sea. In natural conditions, the fouling is composed malnly of
barnacles and its assoclate the bowerbankien bryozoa. Among the
hydroids and bowerbankians, a mass of riaithropanopean crabs inhabit
the niches of barnacle settlements. Thus, in the second half of the
summer of 1961 more than 1500 young crabs were found on 1 m<,

Hydroids, bowerbanklans, barnacles, and crabs constitute the leading
forms that determine the character of fouling in the water supply con-
dults of the factory. Bowerbankian colonies settle on the stolons of
hydroids, covering the latter entirely. In this case it is impossible
to separate the animals from each other.

The role of the nudibranchiate mollusk (Stiliger bellulus) is consid-
erable in marine fouling. Its length reaches 5 mm, and the species 1is
reprcduced en masse in water pipes on the stolons of hydroids. The
anima]l feeds on the developing btuds and new segments of stolons, as
well as on mature hydroids.
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Mytilaceans, especially Cardium genus, are found in very small numbrrs
in water pipes. Their greatest number (to 900 4ind per 1 m?) was noted
in the section of water pipes supplying the room of sample collectors.
Cardium was found singly i: the fouling. Of course, this mollusk does
not propagate in water pipes; it only enters them occasionally.

Nereis was found in the first sections of pipes and in the main centers
of large-scale water supply systems, This form appears to be the most
typlcal accompanying animal in fouling consisting of "hydroids + bern-
acles”, These worms live in the lower layer of fouling; namely, in

0ld and empty shells of barnacles, among the bases of stolons of hy-
droids which are very muddy.

Mercierella and Electra were found in small ,uantities in water pipes;
their main number was limited to initial sections of water supply con-
dults and in water intake structures.

Several of the most typlcal organisms, that determine one or ‘he other
type of fouling, can be distinguished in the water supr y conduits of

the factory, although no sharply defined boundaries exist between the

types of foul’ng, Nevertheless, the specles composition and quantita-
tive relations 1p of fouling organisms is such that the following

types can be :.ingled out: "hydroids + bryosoans", ".ydroids + barm- /127
acles", and "barnacles + bryozoans®. The same types of fouling were
established for hulls of vessels (Rudyakova, 195y§

The first type of fouling - "hydroids + bryozoans" - was found mainly
in the initial section of water supply conduits. This type of fouling
is, of course, determined by the intense muddiness and dirtiness of
the water in the area. The second type of fouling - "hydroids + barn-
acles" - is more typical of the central sections of the conduits and
the cooling system., The third type of fouling - "barnacles + bryozo-
ans®™ - is most frequently found in the end sections of conduits, i.e.
about 2-4 Jm from the water intakes, where the animals find less food
and less oxygen.

THE QUANTITATIVE DEVELOPMENT OF FC'' ING

The intake structures — namely, the trash racks, water fencing com-
partments and strainers, accumulators and main network coi lui*s having
long diameters, the cooling equipment, and the area adjacent to thes
factory — were investiga‘ed.
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The trash racks are metal grids, with the aid of which the first "rough"
cleaning of the water entering the water conduit system of the tactory
was carried out.

When examining the lifted trash racks in July and August 19¢x) and 1961,
it appeared that their external and internal sides were ccvered Yy a
thick layer of iouling, the thickmess on the trash racks bein; alcut
10-12 cm. The total weight of fouling on the trash racks reached 16
kg/m2 in certain cases. On the average, the biomass of merine fouling
on ;he trash racks in 1960 was 1.5 times greater than in 1961 (Table
1-2).

Table 1

Siomass (kg/m2) of Marine Fouling in the Water Conduit System of the
Factory in August 1960

Strainers Network
conduit
7]
£ 2 0 o
o o S 185 S
Fouling organisms Trash| o 3 o ' IR 3
g gan= rack o b 3 o 35 0
- - I I
o 'j r; r~ 5
E | E g CAICENE:
o " 2 pgd
% - o A | 828|8
[ ] 5 @ 5 O~ +
Hydroids. . . . . . . . 5.95 0.6111.51} 5.50 6.37 ] 0.26 3.02
Hydroids with bryosoans | 5.025] 0.55]2.00| — 4.16 | 1.1 0.63
Bryosoans . . . . . . . _ -— -— — -— — -—
Barnacles . . . . . . 1115 1451 2.8212.00) 0.84) 5.78 | 1.61
Crabs . . . . . . . «. & 0.375] 0.14}10.14§C.01 0.10 0.25 0.10
Polychaete worms. . . . | 0.25 — {0.09} — 0.02 ] 0,02 }|0.04
Bivalve mollusks. . . . — | 0.02]0.05}0.03} 0.10] 0.01 }|0.0z
Total . . . 12.75 2.”7‘ 6.6117.54 111.99 7,42 5.42

The main mass of fouling - about 70°/, of the total weight - constituted
hydroids and bowerbankians; the length of individuel stolons of hydroids
reached 15-18 cm. The mass of fouling on the external and intermal
sides of trash racks usually differed a great deal. OUn the external
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side the fouling was about 2 — 2.5 times greater tnan on the internal

gide.

Biomass (kg/m?) of Fouling in the Sea Water Conduit System of the
Factory in May-September 1961

Table 2

I End sec-
St g tions of
rainers £x vater
ey conduits
o
g 2 | 4 kn
© ° o bo from | from
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2l E|E | ne g E
) Q@ © ¢ 0
DA E B i
& I 2
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Hydroids with bryozoans | 3.70 |2.10)] = | 4.4 | 4 14| — — | 2.04
BI‘YOZO&DS « » s + 0 * o -~ — — — — 1.0 1.35 Ol33
&I‘DACIGQ . . L] . . 1] [ 0030 3-11 0'68 2.2 4003 2015 1.45 l-%
CI'&bS * & ¢ 4 e v & s o 0.50 0008 0.02 0002 0-09 0.12 haad onu
Polychaete worms. . . . |0.11 ]0,06| - - 10,120,011 0,051 0.05%
Bivalve mollusks. . . . — - §0,01] = ]O0.28] — - | 0.04
Totel. . . .} 8.09 {5.34] 2.97] 6.6218.66 |3.28} 2.35]5.40

Under the layer of hydroids and bryozoans, on the grids of trash racks,
one could always observe a layer of barnacles.
ral surfaces of trash racks was five tc six times greater than on in-
ternal surfaces. In certain cases the weight of barnacles on external
surfaces of the trash racks reached 2 kg/m .

Their biomass on exter-

Crabs and polychaetes were found emorg the stolons of hydroids and the

colonies of hryozoans.

racks was soiled with mud.

Numerous remains of coastal plants were found
on the external surlace of the trash racks.

All the fouling on trash

$idis i
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The great biomass of fouling on the trash racks was caused by the fact
that they initiated the sea water supply system.

The concrete walls of water intake compartments were covered with a
layer of fouling, the biomass of which equalled 6.6 kg/m? by the end
of the summer of 1961. The greater portion of the biomass - about
679/, -~ was made up of hydroids and bowerbankians; the smaller portion
- about 33°/o - constituted barnacles. Numerous young crabs (the size
of the carapaces ranging from 2.0 to 6 mm) were observed among the
stolons of hydroids. The biomass of crabs made up 0,39/, of the total
biomass of fouling.

The greatest quantity of fouling was noted in compartments where the
water flow was uniform and constant. Here the length of stalons of
hydroids reached 15-18 cm and the biomass was 6-10 kg/m<. In certair
sectors, where the water was stagnant, the foullng biomass decreased
to 0.5-1 kg/m?. In such placs:, barnacles appeared to be the main
foulers.

The strainers, like the trash racks, perform the preliminary cleaning
of the water flowing into the pipes. The stralners consist of metal
pipes heving long diameters :and perforated surfaces, through which the
sea water flows intc the water supply syatem. When examining the
strainers we observed & conz®dsrable fouling on thelr external and in-
ternal surfaces.

The species and quantitative cumpesition of fouling on strainers varied
considerably with depth. In a typlical case, a belt with barnacles 20-
40 cm wide was observed along the water's edge on the external surfacs
of the pipe. In the belt the bernacls3 are smsll, the diameter of
their base being 4-6 mr. They tic tightly togethsr., As msny as 20,000
barnacles were observed on 1 m<.

The lower portion of the pipe, flange aid perforations of the strainer
were also covered by a considerable layer of barmacless. Tn contraat
to the upper belt, here the barnacles were considerably ..eatsr, the
diameters of their bases being 8-12 mm. They were not closely wacked,
but at & certain distance from one another. In such settlemunts the
number of barnacles reached 7,006-2,000 ind per 1 m? (fig. 1).

On the surface of the strainer we found a large number of hydroids
covered by bowerbankianc; they occupied spots betwean the cases of
barnacles. Numerous young crabs - as many as 2,200 ind/m? - were found
among the barnacles and stolons of hydroids; the biomass of the crabs
reached 0.14 kg/m?. A small amount of mytilaceans - about 200 ind/m< -
were found among the foulers on the strainers.
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In a mumber of cases, the fouling biomass on the internal surface of
strainers wus considarably higaer than on the external surface, because
the external parts of sirainers, mainly perforations, were periodical-
ly cleaned of the fouling.

Pig. 1. Fouling on the strainer.

In summer, ws observed mature stiligers and their broods on the stol-
ons of hydroids all over {he water intake structives.

The accumulators with long diameters are the initial pipes of ‘lhe sea
water supply syetem for the factory. The investigation of the accu-

rulatore demcnstrated that a rich fauna of animal fouling develops on
the accumulator pipes.

The main foulers on the pipes were hydroids of the Perigonimus genus,
bryozoans of bowerbankia sp., and barnacles. The accompanying foulers
consisted of nereids, mercierellas, mytilaceans, stiligers, and electirs
bryozoans.

The internal surface of the accumulator pipes was coversd by a multi-
acnual laysr of fouling, consisting mainly of hydrcids, barnacles, and
bowerbankians. Thes mean biomass ~f fouling in the sector remained
more or lsss constant - 7.5-8.5 kg/m¢ - during 1960-19¢1.
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Barnacles, which constitute a considerable part of the totel biomass of
foulers, form a contiiual layer on the walls of water conduits. About
809/, of the biomass of barnacles were alive, the diameter of the base
being 4-8 mm. About 209/, of the barnacles were represented by empty
shells cf large individuals, the diameter at the base of cases Léing
10-16 me, Numerous clusters of hydroids, covered by bowerbankians,
were attached to the shells of barnacles and among them on the surface
of water conduits; the length of hydroid stolons was 8-10 cm.

This fouling consisted of two layers. The lower layer consisted mainly
of barnacles, but the upper one consisted of hydroids. A large number
of young crabs (the size of the carapaces being 3-11 mm) was found among
the stolons of hydroids and empty shells of barnacles. Nereids were
found in small numbers, and mytilaceans were ohserved singly. Mature
forms and broods of nudibranchiate mollusks (Stlliger) were found on
bhydroids. The marine fouling on the a:cumulator pipes that was observ-
ed in 1960 can be assigned to the typs *hydroids + barnacles".

In 1961 the character of marine fouling on the accumulator pipes had
changed. Bowerbankia sp. had begun to play a substantisl rcle in the
fouling. By the end of summer the species had reached such a quantity
that bowerbankians formed a continuous layer over hydroids and barna-
cles. The barnacles, and to a degres also hydroids, were buried under
the layer of bryozoans. The biomass of hydroids, overgrown with bryo-
foans, made up approximately 509/, of the total animal biomass., Evi-
deatly, the mass development of bryozoans on the fouling type cf
*hydroids + barnmaclis™, which is typical of the water supply system of
the factory, represents the final stage in the development of tLis com-
munity.

The network of water conduits with a diameter of 1200 mm appear to be
the basic arteries of the water supply system. These water conduits
carry the huge quantity of sea water for the blast-furnace and Martin
plants of the factory. BEydroids and bowerbankians develop en masse

on the main water conduits of the system, while crats, pclychaete worms,
bivalve mollusks, and nudibranches play the secondary role in the
fouling.

The investigation of the main network of the water supply system was
conducted i August 1960 in two sectors: 4in ths initial and central
sectors at a distance of about 8)X0 m fror the sea.

The fouling on the initial sector was, on the whole, analogous to that
on the accumulator pipes, but the total biomass was 1.5 times greater.
The greater portion of the bilomass conaisted of hydroid. and bower-
bankians. The stolons of hydroids, siretched along the water [low,
form a layer 8-10 cm thick on the surface.




TRANS-221 187/130

Individual groups of hydroids had the length of 18-2C cm, A layer of
barnacles lay beneath the layer of hydroids., The blomass of barnacles
made up only 7°/, of the total fouling biomass. A large quantity of
crabs - more than 1,500 ind per 1 m? (the size of the carapaces being
3-11 mm) was found among the stolons of hydroids in the area. Despite
the great nmumber of crabs, their biomass made up less than 1°/, of the
total magnitude. A small amount of polychaete worms were observed in
small quantities among the clusters of hydroids.

The high value of fouling biomass in the initial section of the water
supply system is, probably, dete nined by the fact that the food and
oxygen conditions for animals here are favorable, Besides, it seems
that a more intense settlement and growth of larvae, that enter the
pipes from the sea, takes place in the initial sections of the water
conduits,

When examining the central section of the water supply system, it ap-
peared thet the entire internal surface of the water conduits was
covered by a continuous layer of marine fouling, which was formed over
many years; the thickness of the layer was 5-7 mm. However, in con-
trast to ths initisl section of the water conduit, the fouling of the
central section contained almost 80°/o of barnacles. The barnacle
settlements in this case formed many layers. The shells of barnacles
formed 4 to 5 ‘ayers., The diameter at the base of the shells reached
14 mm. Only a few barnacles were alive (approximately 20°/o of the
total number). The live barnacles were, as a rule, attached to the
upper layers of fouling. These were the young barnacles that had
settled on the pipes in the fall, The diameter of the base of the
live barnacles varied from 4 to 6 mm, Hydroids, which were to a con-
siderable degree overgrown with bowerbankians, were attached to the
shells of barnacles. A rather great mumber of crabs was found among
the clusters of hydroids and in depressions between the shells of
barnacles. A visual counting showed that five crabs (the sise of the
carapaces being 16-30 mm) occupied an area of 1 3m< by utilising all
of its niches. On the average, the biomass in this sectlion was 2.5
times greater than in *he initial section, the numerical value being
40 ind/m?. This number must, however, be considered as somewhat too
low, because the crabs are extremely motile and disappear when the
samples are taken.

Nerels was found here in small quantities. Of bivalve mollusks, we
found mytilsceans in the water conduit. The mollusks were, as a rule,
oceupying the stolons of hydroids to which the mollusks were attached
with their byssuses. The biomass of the mollusks was 1{ times smaller
than the biomass of the animals occupying the initial sections of the
vater condult (see Tatle 1).
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As to its appearance, the fouling of this section balongs to the type
"hydrcids + barnacles®, in which brjozoans and crabs played a substan-
tial part in the overall biomass. A comparison between the bdblomass of
hydroids inhabiting the initial section of the main water conduit and
that of hydroids inhabiting the central =esction of the conduit demon-
strates a strong depression of hydroids in this s»c.ion of the water
condult, which lies at a distance of 800 m from the sea.

In July and August 1961 we examined the water pipes lying at a distance
of 2 and 4 km from the sea.

The fouling in both of the sections was approximately the same. The
main biomass in both of the cases was made up c¢f barnacles. On the
average, 1500-2000 barnacles wers found per 1m?; the diameter of *their
base varied from 6 to 12 mm., A considerable portion of the barnacles
were dead. The shells of %arnacles and the surface of the walter pipes
that was free cf them we:e blanketed by a thin continuous layer of
bryozoans; approximately an 3.5 to 1.0 cm thick layer was [ormed by
the bryozoan Bowerbankia, which constituted in this case one-hslf to
one-third of the total foulirxg biomass. Cradbs and polychaete worms
were observed in the niches of fouling; they made up 1 to 5°/o of *he
fouling biomass.

Hydroids and bivalve mollusks were entirely absert from the terminal
sections of the water conduits. >n the basis of the character of
fouling it can be assigned tc the type "barnacles + bryosoana®™,

The samples taken from these sections of the water pipes confirm a
concept that the fouling blomass decreases in water pipes with an in-
crease in *heir length.

The cooling system also is subjected to fouling, i1.e. the pipe boards
of turbine compressors, where a considerable change in the speed of
water current and a rise in ‘expera‘ure by 5-9° takes place. The foul-
ing biomass equallsed abou’ 1 kg/m< here. wWi‘hin the compartzens of
‘he cond.r.ars, the distribution of fouling was not unitorm. The moat
irntense fouling was bserved or ‘he roof of the condensers. I* con-
sisted of two layers: a lsyer > barna-les -n the surface and a layer
of hydroids on tkhe barmacles.

The fouling on the roofs formed individual spots. In certain places a
dense mass of 150-20C barnacles .us found, while at o‘her places ther
were absent. A small amount of crabs was observed among hydroids and
barnacles.
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A more significent fouling was found in the compartments of the filters
of oil coolers. The walls of filter compartments with incoming and
outgoing pipes, and the filters themselves, became covered with marine
fouling as a result of lengthy utilization without cleaning, the nean
tlomass equalling 1.75 kg/m?. The fouling on filters, as on all the
ot«r sections of the sea water supply system, consists of hydrcids
ard tarnacles. In certain places, the biomass of barnacles reached

.1 kg/m? with a blomass of 12,000 ind/m?; this .n3 especially true of
tne internal surface of the filters.

No marine .[ouling was found in ihc sews. canal oI *he factory, which
was investigated in verious secticns as far as the estuary. This is
explained by letting the used water, with toxic substances and a large
quentity of suspended material, flow {nto the canal.

As ~an be seen, almost all of the sea water supply system of the fac-
tor, .8 ccvereu by marine fouling. The thickness of the fouling varies,
deperding cn lccalities, from 1.5 to 12.0 cm.

As seen from Tadles 1 and 2, the mean Juariity of rfouling biomass
equalled 5. kg/m< in 1960 and 1961. The biomass is composed mainly
of ihree animal groups: (1) The hydroid Perigonimus and the bryozoan
Bowerbankia, (2) barnacles, and (3) crabs Rhjithropapopeus; the two
former forms made up about €79 in 1960 and 0% o in 1961 of the total
fouling biomass; barnacles made up about 30°/o in 190 and almost 36°/o
iz 1361 of the tctal fouling blomsss. The third group, rgpresented by
the crab Rhithropanopeus, made up 1.2°/o0 4n 1960 and 1.5°'5 in 1961 of
the total fouling biomass. Such a steadiness in the average biomass &
marine fouling during two years of observations and a relatively in-
8ignificant fluctua*ior ir the biomass of the main components of the
total rlomass a**es® ‘o *‘he Tact that, 45 *his case we have <0 dJea
with completely eatablisted biocccensses of fouling which wvill preserve
their typlcal Teatures with *he existing regime of the utllization ¢
the see <e*er supply sy-ter.

of fowling in *the conduits of *he wate: =upply systex
s approxira‘ely four *izas grea’er than "he tiomass cf
a3 ard plers ir "he sen. Conslderatle 3! 7erences in
{tion and juAn* ity of foders ccooupying the water pipes
and oblects in ‘re adlacer’ portion of ‘he sea are ohserved. It vas
pointed out adove ‘hat *he hydroid biomass ‘- wmer conduits consti-
tuted » "% . hut the tarnacle biomass made up 31-5% 5 cf the *otal
fouling blozass; s zass developzert of hydroids was not nyted on ziones
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and piers ir the sea. Here the biomass of fouling is composed meinly
of barnacles, which constituted 80-90°/, of the total biomass of
fouling, and the bryozoan Bowerbankia and gresn algas.

It 18 known that all the foulers feed mainly on small animal organisms
(sooplankton), which are caught by them in the surrounding water. In
sumner Lhe plankton in the factory area consists almost exclusively of
copepcd crustaceans (Calanipeda aquae dulcis). The biomass of zoo-
plankton (wet weight) equals 9.10 g7mj in the period when the growth of
hydroids reaches its maximum — namely, during the end of May and the
beginning of June 1961. On the average, the blomass of zooplankton

for the Sea of Azov is about 3 g/m3. The very great biomass of plank-
ton in the sea area of the factory is, undocubtedly, a determinant fac-

tor for the formation of the huge biomass of fouling in the network of
the water supply system.

The quantity of the blomass of fouling 1s subjected to considerable
seasonal variations (Table 3).

The biomass of foul in the accumulator pipes was rather low in March,
equalling only 4.7 kg/m<.

Experiments have demonstrated that the rejuvenation and growth of
hydroids and barracles begins at the temperature of i0°. Such temper-
ature in the area of Taganrogskly zaliv is usually observed in April.
This month marks a gradual increase in the fouling bjomass, first by
the growth of the surviving individuals of winter fouiing, ther (from
May) by settling and growth o: larvse of hydroids and barnacles of the
soring generatior when the temperature rises above 15° C.

In summer the blomass of fouling gradually increases, reaching the
maximum of 12 %g/m? Ly the end of July and the beginning of August.

Cbservations on settlement of larvae on panels dsmonstrated that the
great blomass of the animals in the sea water supply systexr is depend-
ent mainly on the spr.ig generation of hydroids, and tu a degree on
the bharnacles. The fall generation of hydroids plays an insignificant
role in marine fouling because its greater part i{s consumed by nudi-
branchiate mollusks and crabs (Starostin and Turpayeva, in this col-
lection of papers).

/133
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Not only does the intense growth and development occur in summer, but
also the tearing off of the fouling. The latter process is especially

intense in the second half of August and the beginning of September,
which is evidently associated with the natural death of fouling in the

water pipes.

Teble 3

Changes in the Biomass of Fouling (in kg/m?) in Accumlator Pipes by
Seasons in 1961

. End of May -1| End of July - | End of Sug. -

Fouling Organisms | March beg. of June| beg. of Aug. | beg. of Sep.
Hydroids. . . . .| 2.70 4.0 4.70 3.47
Bazrnacles . . . .| .1.87 2,96 6.83 0.95
Cl.abs . L 2 e O o09 O 0’\9 O .{)6 o .14
Worms . .« « o . . -— 0.1C 0.30 0.02
Mollusks. . . . . | 0.03 0.0 0.2 -—

Totals . . . | 4.69 7.35 12.10 4.58

By the end of September, the fouling biomass decreases to the amount
reached in the spring (March). The data listed in Table 3 can be con-
sidered only as aonrorimate vajues: banmugse the samples weme ~htained
from various wawe> - ~*lts, and diffarent numpers may be Ou..lied if
the investigation is more detailed. Nevertheless, the data listed

here reflect, undoubtedly, the overall seasonal regularity in the fluc-
tuation of the fouling biomass that exists in the sea watér supply
system,

THE EFFECT ON MARINE FOULING OF THE VELOCITY OF THE WATER
CURRENT IN PIPES

The formation and intense development of fouling in the sea water
supply system of the factory occurs at water speeds ranging from 0.8
to 2.4 m/sec, depending on the section of the water pipe. As seen
from Tablo 4, the velocities of water movemen! did not exceed ths
limits that would restrict the deve’~pment of fouling. Moreover, an
increase in the velocity of watur currant J4't'iin the mentioned limits
facilitates the de.elomment of marire :(ouling,

fm
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Cur observations concerning the development of fouling in sea water
conduits of the factory, in connection with the velocity of water
movement in the conduits, contradict ths data obtalned by other authors
when conducting tests with the same organisms.
tion "Marine Fouling and Its Prevention™ (1957 &) reports that the
maximum velocity of water current that allows & normal growth of barn-
ecles 1s 2.7 knota, which corresponds to the velocity of 1.1 m/sec,
while the maximm velocity allowing the growth of hydroids is 1.5

n/sec.

sec,

The American compila-

Z. S. Feygina (1954) reports the Dreissena larvae do not settle
on objects when the current velocity 1s 2

Table 4

Changes of the Biomass of Fouling in Water Conduits in Connection with
the Velocity of Water Motion in 1961

Water pipe | Water pipe
Strainers | Acowmu-| (1.5 km (2.5 km
(internal | lator | from the | from the | Concrete
surface) pipes sea) sea) canal
Biomass, kg/m? 2.97 8.66 3.28 2.85 2.1
Current veloc-
ity, m/sec 1.3 2.4 1.3 0.66 0.8~1.2

The differences are possibly determined by various living conditions of

animals subjected to tests and found in water pipes:

in the pipes we

have a group of fouiers, but in tests we have individual specimens.
The velocitles of water movement that restrict the growth of individual
specimens of hydroids and barnacles are favorable for the fouler group

as a whole,

The layer of fouling is not uniform in water pipes.

fouling has numerous depressions, cavities, and convexitles.,
ruggedness of surface creates turbulences in the water flow along the
Thus, conditions

for a normal development of fouling are created in water pipes even at
relatively great water veloclties,

fouling and it decreases the velocitr of current.

b
Year of translation, English to Russian,

The
This
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BIOLOGICAL SETBACKS IN THE UTILIZATION OF THE SEA WATIT OUPPLY
CONDUITS OF THE FACTORY

As was pointed out above, the remains of animals inhabiting the sea
water supply conduits of the factory and the contiguous sea area cause
considerable setbacks in the supply of water as they reach the filters
of the blast and Martin furnaces. On filters we can find the same
forms that inhabit the water piges and also medusae (Rhizostoma pulmo),
crabs, shrimps (Leander squilla), vairious fishes and their young, the
remeins of coastal plants, and pieces of wood — everything that is
soaked with water and passes through the trash racks, perforations of
the strainers, and the protective grids of pump stations. The quantity
and type of the material reacking the grids of pump stations and water
cleaning filters vary considerably depending on the season, blological
processes in the sea, the force and direction of wind, the quantity
and type of fouling in the water pipes, the operation regime of pump
stations, and etc,

The greatest quantity of such materials was found by us on the grids
of pump stations (Table 5). An especially great quantity of the
material was found on the grids of pump stations and on the strainers
during onshore winds. A “irect relationship exists between the wind
force and the quantity of solid material on tne grids.

The stronger the wind, the more deposits accumulate. In some days of /135
August 1960-1961, when strong onshore winds were blowing, the quantity

of devosits reached 12 kg/m</day, but when offs:-re win?a wers hlowing

*he gquant_ .y decreased co 1 kg/gﬁ/day. The total weight of animals

on the grids of pump stations equalled approximately 7.6-7.8 kg/m</day

in August 1960-1961.

A very substantial role in the formation of deposits on filters of the
blast and Martin fwnaces is played by the bilological processes occur-
ring in the water supply system of the factory; its individual sections,
as well as the gystem as a whole, can be considersd as peculiar water
basins inhabited by fou'iing animals. Those animals are detached by

the water current from the walls of wvater conduitn during the entire
warm season of the year, especially during the -econd half of the summer
when their growith and development reachms its peak; as a consequence,
they are brought on the filters of the blast and Martin furnaces.

Figure 2 presents a filter of tke Martin furnace clogged with deposits
end al#~ cleanad of them. The quantity of animals that is brought on
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Table 5

/135

Composition of Deposits in the Sea Water Corduits of the lantory

in August 1960 &

¥
Grids of Filters of | Filters of M
ta. t . .
Organisms pup sta blast furn.[ Martin furn
A B A B A B A B
Hydroids, . . . « « o | — |1.17] = |2.07} — 1.08| — | 1.44
Rydroids with
bryogsoans. . . . . .| — | 204 — ]0.50| - 0.09] — | 0.87
Bryogoans . . . . . .| — — - 10,056 = 001} — | v.02
Barnacles . . . . . .| 780]0.,09] 150|0.09} 800 O0.42| 580} 0.0
Crabs . . . . . . . . (4120}10.68]|1000}1.35| 530 | 0.29] 1900} 0.76
wm e ¢ e ® 8 e e 542 Oool — — &) \J.Ul 230 Oogl
Bivalve mollnsks. . . | — - | — |0.06] 360| 0.03] 120} 0.03
m‘e ¢« o 2 6 ®» s @ —— 3.01 —~—— — — —— — 3.01
Shrimps . . . . . . . | 465]0.06]| — — 110 | v.01| 190} 0.02
Fishes. . . . . . . . |2800] 0.54 551 0.09 701 0,021 2855] 0.22
Totals. . . . . |8770}| 7.61]1205] 4. 221950 | 1.96 | 35845] 4.59
¥ 4 - numbers, ind/m?/day; B - blomass, kg/m2/day.
Table 6

Changes by Months in the Quantity of Deposiis or the Grids
J

of Pump Stations in 1961 (kg/m</day)

Crganisms March June August
Hydroids . . . 0.02 0.4 2.18
Barnacles. . . . . . . —_— 0.02 0.12
Crabs. . . . . ¢« . .. 0.7 0.10 1.23
Shrilpl. e & -— 0.0:’. O.C‘l
Modusse. . . . . . . . -— 2.83 3.94
Fishes . . . . . . . . 0,62 0,60 0.32
Rubbish., . . . . . . . - Q.08 -—

Totale « v . 2. 2.14 7.80
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the filters from water conduits
is greater than that arriving
from the sea. Every change in
the operation of the water supply
system during the summer unavoid-
ably caused an increase in the
quan=ity of deposits on the
filters.

The composition of deposits on
the filters was rather uniform in
1951, The deposits consisted
mainly of hydroids, which consti-
tuted about 619/, of the total
raas of deposeits,

Barnacles made up only 59/, of
the " otal mass cof deposits, while
crabs and their remains (pincers
end carapaces) made up 109/,
bivaive mollusks 5°/o, and fishes
14°/o.

The quantity of deposits was far
fror equal in various seascons of
the year. As seen from Table 6,
the smallest quantity of deposits
on the grids of the pump stations
was observed in March, when almost
9096 of the depositz consisted

of fishes; the maximr: quantity
was observed in Augus:; whern al-
most half of the deposits con-
gisted of hydroids, barnacles, and
craba - 1.e. of forma inhabiting
the intsrnal parts of water con-
duits; the cther half consisted of
medusae and fishes - i.s. of the
fcrms that are brought on the fil-
ters only from the sea. The Qquan-
tity of deposi.s on the filters of
blast and Martin furnaces wvaa also
subjected to seasonal variations.

Fig. 2. A filter of the Martin
f\arnace.

A - clogged by depcsits;
B - after clsaning.




TRANS-221 194/137

The smalleat quantity of deposits on Martin filters (Table 7) was ob-
served in March and June; in March almost 709/, of the material con-
sisted of fishes, but in June almost 99°/o of the material was ~omposed
of invertebrates. The maximum quantity of deposits was observed in
August; more than 80°/, of it consisted of hydroids (Fig. 2).

Table 7

Changes by Months in the Quantity of Deposits on the Filters of Martin
Furnaces in 1961 (kg/m?/day)

Organisms March End of May -| End of July | Beg. of
beg. of June| - August September

Hydroids. . . . . . . . . 0.04 0.18 1.49 0.60
Barnacles . . . . . . . .| 0.03 0.04 0.09 9.07
Crabs + o + & 4 o o o o & 0.09 0.06 0.14 0.10
Roelve molluske, |, | | .} 0,C4 0.10 0.04 0.0z
Fishes. . « + ¢« + v o « o] 0.2 0.04 0.07 0.01
Total weight of animals .| 0.60 0.42 1.83 0.80
Rubbish . . . . . . . . .} = 0.01 0.01 0.01
Total weight of deposits.| 0.60 0.43 1.84 0.81

In August intense dying and detachment of hydroids from the walls of
water condults lale. pla.e,

In Septemter, the process of hydroid detachment abates and their quan-
tity on filters decreases, but even then the hydroids form the main
mass cof deposits on filters.

Tenty-four species of fishes, helonging to 9 families, were observed
in the samples taken from the sea water supply system of the factory
in 1960-1961.

l. Family Clupeidae 2. Family Engraulidae
Jlupeonslla delicatula del. - Engrgulils encrasicholus - axchovy
harring

Caspiaiosa caspia tanaica - shad
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3. Family Cyprinidae

Rutilus rutilus heckeli -~ roach
Blicca bjoerkna - white bream

Abramis brama - bream

Abramis Hallerus - zope

Gobio gobio - gudgecn

Pelecus cultratus - ziege
Cyprinus carpio - (German) carp

4. Family Mugilidaeo
Mugil cephalus - striped mullet

5. Family Atherinidae

Atherina mochon pontica -
atherine

6. Family Gobiidae

Neogobius melampostomus - melano-

stome
., cephala:rpe. - cephalarge
o, ByTmfli — oylMan
Pomatoschistrus sp.

Knipowitschia longicaulata -
Knipovich robin

Benthophilus stellatus

7. Family Parcidae

Lucioperca lucioperca - pike
perch

Percar 0 tica ~
percarina

197/137

8. Family Gasterosteidae

Gasterosteus aculeat - stickla-
back

9. Family Syngnathidae

Sfognathus typhle - long-winged
pipet'ish

Singnathus nigrolineatus - Elack
Sea pipefish
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It seems that the 1list 1s far trom coapiete as regards the actual spe-
cles composition of the fishes that are brought into the sea water

ly system of the factory. The percentage of fishes constituted
2%75 in 1960 and 14.1°/0 in 1961 of the entire biomass of animals found
on the filters,

Fifteen specles of fishes belonging to 7 families were found on the
grids of pump stations, on filters of the blast and Mertin furnaces,

and on perforations of sirainers — namely! herring (Clupeonella deli-
catula delicatula), shad (Caspialosa caspias tanaica), anchovy ZEngrau—
1}s encrasicholus), roach Rutilus rutilus heckeli), vhite bream

(Bl cca bjoerkna), bream (Abramis brama), zope (Ab zOpe Abraris ballerus),

zlege (Pelecus cultratus) (German) carp (Cypriaus e ggpid) striped
millet (Mugil cephalus), atherine (Atherina mochon ontica relano-
stome (Neogobius melanostamus), syrman {Neogoblus svrmani, cephalarge

Neogobius cephalarges), pike perch (Lucioperca lucioperca), etc,

Mainly young commercial fishes are found in the sea water supply system.
Thus, the size of pike perch fluctuated from 16 to 25 cm, bream from

15 to 19 cm, carp from 8 to 15 cm, shad from 2.5 to 9 cm, anchovy from
1.5 to 4 cm, sea mullet being about $ cm, and atherine from 5.5 to 6.5
cm., With respect to age, they represent the last year.

Also mature, sexually mature, and commercial fishes were found in the
sea water supply system of the factory. Most often we observed roach
(12-20.5 cm) and ziege (28-3C cm); less frequently we observed sea
robin (9-12 em) ard syrman (2-12 cw).

The quantity of fisles, found in the water corduits of the factory, and

thelr species Lompositicn very from year to year. The greatest number

of ©ishes was observed in the spring, which 1s explained by migratlions

associated with spawning esnd the approsch of the majority of commercial
fishas to the shor' -, as well as by the fact that young fishes live at

the tire in ths shore helt.

The use of water in the sea watws., supply srstem and the jJuantity of
fish entering the system are interrelated. In March 1961 we observed,
on the average, "2i0 {4sh s day on the grid establishments of pump
stations. Threse fbouaand of the jquantity were commercial f{lshes,
which made up about 0.62 kg/me of fish per day.
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In the spring (March-May) we observed the foll>wing young and mature
fishes on the grids >f pump stations, in compartments with unfiltered
and filtered water, in the water intakes of pump sta‘ions, ci filters
of the blast and Martin furnaces: herring, shad, anchovy, roach,
ziege, carp, bream, pike perch, sea robin, and atherine.

A considerable increase in the quantity of fishes is also observed in
the spring on the filters of blast and Martin furnaces. In March 1961
we found 0,117 kg/m? of fish per day on the filters of the Martin
furnaces, which constituted 66°/o of the total biomass of deposi‘s.

In summer, the Juantity of fish that enters the sea watar supply
system of the factory decreases considerably. In August 1961, the
quantity of commercial fishes found orn the grids of pump stations was
apprcximately twice smalle- than in March.

Only C.072 kg/m? of 1ish was observed on the filters of the Martin
furnaces, which constitutes only about 4°/o of the entire biomass of
deposits.

In summer, the species composition of fishes on the grids of pump
stations and on the filters changes somewhat. In summer, the rerre-
sentatives of the fazdilies of herrings and sea robins pravail in
samples. In the second half of summer, the mos! usual species of
fishes found on grids and filters were sea robins and shads; less fre-
quently we observed atherines, small (15-19 cm) Lreams, white htreans,
young anchovies, and large (to 30 cm) zieges; roaches were found as
single specimens.

Among non-commercial fishes, we fcund pipefishss and percarinas in
the samples. Small Xnipovich ses rubins (2.5-4 cm} and Pomatoschistus
sp. were found in June and July on ihe g1ids of pump stationms.

The transition of fish to the coastal belt in the srea covered by the
water irtakes of pump stations depends, in add!tion to the spawning
migrations, on a number of factaors. A very substantial faclor is the
force and direction of wind. Very many {ishes sre caught in the asea
water supply system of the fartory and perlah with strong onshore
winds.

With strong onshore winds fishea icck for a shelter, enter the bei re&
of the water intakes, and se sucked in ty the pumps. Thus, durir; the
third ten-day period of June 1961 with a strong onshore wind, 39 s

/139
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robins were found in a catch of one band of the grind of a pump station.

The numbsrs mentioned above show that the factory plays an important
role in the catching of young commercial fishes, thus causing definite
lesses to the fisheries,

In order to protect fishes from getting into the strainers of the pump
station, the bailer of the water intake is protected by a metallic grid
having 8 mm meshes. However, the effect of this protective grid was
rot satisfactory. In a number of places the grid was damaged and it
did not cover the bailer to the bottom.

Experiences in hydrographic structures have demonstrated that such pre--
tective grids are very effective if kept in good order. They protrct
fishes from getting into the turbines. The protective grids that are
maintained in good working conditions can save a large number of
fishes.

CONCLUSIONS

1. The species composi.ion of fouling in the sea water supply system
of the factory is extremely poor. Only three species of forling ani-
mals occvr en masse in the water conduits: the hyaroid polyp (Per.-
onimus me as), new for the Sea of Azov, the cirripedian crustacean
(Balanus improvisus), and the bryozoa (Bowerbankla sp.). Among other
accompanying organisms we have the crab 3Rhithroganogeus harrigii tri-
dentatus), the polychaete worm (Nereis sp. and Mercierella enigmatica),
the bivalve mollusk (Mytilaster lineatus), and the nudibranchiate mol-
lusk (Stiliger bellulus).

2. The fouling was found in the entire sea water supply system of tne
factory. However, the species and quantitative relationship among the
animals varied with the individual sections of the water system, de--
pending on the distance from the sea, the speed of water current in
the piper. and the amount of dissolved oxygen and food.

3. In contrast to water pipes, where hydroids play the major role
among the foulers, the adjacent shallow water area was poorly inhabited

by hydroids.

4. A greater quanti’y of fouling was noted in the initiel secticn of
the sea water supply system, i.e. in the accumulator and main pipes
having a large diameter. Here the rouling biomass flictuated from 4
to 12 kg/m?, the average being sbout 8 kg/m?. The most typical groups
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of organisms were: "hydrcids + bryozoans" and ™hydroids + barnaclea",
In the end section of the water conduits the biomess of animals was
small — abou® 2.8 to 3.2 kg/m?. The mest typical group of fouling
was "barnacles + bryozoans". The mean biomass of fouling in the water
conduits was 5.4 kg/m? in 1940-1961,

5. A rich development of fouling in the water conduita of the factory
1s determined, first, by a favorable oxygen regime, a commensurate
solid base, and & constant supply € great quantities of food by the
water current.

6. The stable average Jquantity of fouling biomass during the two
years of observations and the relatively small fluctuations in the re-
lationsbip butwsen the main components of fouling attest to the fact
that in this case we have to deal with a completely established bio~
coenosis of marine fouling, whicin will preserve its typical features
at the exis*iug —egime In ihe utilization of the sea water supply
system.

7. Certain seasonml fluntuations in the biomase of fouling in the
vater condui‘s erc observed. The greatmst biomass (to 12 kg/m?) was
noted by the end of summer. In the fall the biomass decreases by
50-602/o, as a result of death and separation of the animals from the
pipes. The lower layers of fouling remein throughout the yeer., 1In
the spring, when the temperature rises above 10° C, the development
and growth of fouling begins again.

8. Such z spead of water movement, as would limi* the development of
fouling, was not observed ir the water pipes of the factory. Even at
the greatest apeed of water movement in the pipes (2.5 m/sec), no sup-
presrion of forling organisms was observed in the water pipes.

9. A biolrgical pollution is formed by the detachment of marine foul-
ers as they are brought by the wauer onto the grids of pump stations
and water cleaning filters., Tha quantity of deposiis on ilters may
reach seversl kilograms per day by the end of sumer, 1.e. during the